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This paper describes a computer program, NetStat, that is designed to

analyze the connectivity of probabalistic networks. The program, which offers a

full graphic user interface (GUI), allows the user to visually layout a network
topology and specify the destruction probability, Pd, for each network element. A

Monte-Carlo simulation is utilized to obtain estimates of various connectivity

metrics. Some details of the implementation are discussed and an example
application is illustrated. A user manual is provided. Source code is also provided.,

S.,4;ten in Symantec's Think Pascal for the Macintosh personal computer.
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1.0 Introduction:

The study of networks has found application in many diverse areas. These range

from air-traffic routing, to power and commodity distribution, telecommunication and

computer networks as well as epidemiology and circuit analysis. One quality which

network designers/analysts are often concerned about is the degree to which the network

elements or nodes are connected. In the case of supply networks or communication

networks the system designer may want to provide reliable connection between two given

nodes or a uniform level of reliable connection to all nodes. A network architect may also

be faced with certain performance constraints such as delay and throughput which limit his

ability to meet the other requirements. As is often the case, the cost and availability of

components and technology further constrain the designer. In this demanding environment

of tradeoffs it is desirable to be able to quantify the performance of a given network,

including its connectivity, to determine when the design goals have been adequately met

and to enable resources to be allocated in the most intelligent way.

Historically a great deal of work has been done on analyzing the reliability of

networks under a deterministic threat environment; that is, assuming an attacker has

complete fore-knowledge of the network topologyl][7][15). The goal of this previous

work often centered on minimizing the number of steps required to partially or completely

segment a network, and a number of closed-form solutions have been derived[2][7]. This

approach is reasonable given the assumption of a deterministic threat. The closed-form

result is also practical in light of the fact that computer simulated solutions were not viable

until only a relatively short time ago.

However, networks are often subject to random factors such as weather,

component life time, and collateral damage, either due to benign (construction/car accident)

or hostile (military attack on adjacent target ) sources. In this environment it is natural for
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network component reliability to be described in a probabalistic fashion, yielding
probabalistic networks. Analysis of this type of network has been characterized as an "NP-

hard problem" and closed form solutions become intractable for all but the most constrained
problemsl 13].

It is the aim of the computer application described in this paper to provide the
network designer/analyst with a tool to asses various aspects of connectivity for these

probabalistic networks. It is also the goal of the tool to be easy to use and generally
applicable to a wide array of real world problems. Therefore a number different types of

network components are provided for problem setup. And several connectivity metrics can
be computed allowing the analyst to answer several types of questions including: What
topology is more reliable? Where is the best location for an additional link to enhance

connectivity? How often should a given resource be replicated in a distributed computing

environment? And more.

2.0 Theory of Operaion:

To understand the operation of the tool, let's first define some vocabulary. The
terms described here are defined primarily in the context of the tool but are also generally

used in other contexts ( see texts on Graph Theory for rigorous definition of terms[2]13] ).
A network is a collection of any number of nodes and links where N nodes can be joined

by M links. A link must always be terminated by a node at each end (does not have to be a
different node for a self-loop although self-loops are not considered here).

A link is represented as an edge or line which joins two nodes. There are two types

of links considered here: simplex and duplex. Simplex links are directed edges which
allow connection between nodes only in one direction. Duplex links are undirected edges

which allow bidirectional connection between nodes. No distinction is made between half-
duplex and full-duplex here.

Nodes are represented as points either located at the end of one or more links or

separately as unconnected elements. Three types of nodes are considered here. The term

node can be used generally to describe all types or specifically referring to the "Node"

element in the computer application. The other node types in the application ame "Hubs" and
"Bypass Switches". "Hubs" only differ from the generic "Node" in a conceptual way and
are treated by the application identically to "Nodes". "Hubs" are generally considered the

central connecting elements in star type networks. They are included here as a separate type

of element so that type specific parameters can be set for all hubs in a given network. The
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"Bypass Switch" is another specialized node. It differs from the other nodes in that it is not

considered when computing segment length or when assessing segmentation.

A segment is defined as a subset of the original network, consisting of nodes and

links, within which each non-"Bypass Switch" node has a round trip path to every other

non-"Bypass Switch" node. A network is considered segmented if it is made up of more

than one segment. In other words, a network is segmented if at least one operational node

is unable to establish a round trip path to at least one other operational node. Figure I a and

figure I b illustrate this definition.

"N N

Figure la - An Unsegmented Network, the number of segments=l

N NSegment 1

(I N Segment 2 N

Segment 3

Figure I b - A Segmented Network, the number of segments=3

Note: segments consisting of only Bypass Switches arr not counted.
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In a probabalistic network each network component is given a probability of failure

or destruction, Pd. The element is considered to be either operative or inoperative based on

a distribution described by Pd. This probability can also be thought of as the reliability of

the component within an interval of time. Because each element in the network can assume

a binary state it is apparent that in a network consisting of N nodes and M links that the

total number of system states is given by:

Nstates = #of possible system states = 2N+M (I)

It should be noticed that this number can be quite large, even for small to medium sized

networks.

Each system state, consisting of some combination of operative and inoperative

network components, has a certain probability of occurrence given by the following:

let xj = the event that a particular sytem state, j, occurs; wlere 1:_j_<Nstates
P, = the probability the the ith element is inoperative; q, = 1 - pi

ci = q if the ith element in a particular system, j, is operative

= pi if the ith element in a particular system, j, is inoperative

P(x,) = the probability x, occuring

#ot elements
in system j

P(xj)= 1l C,
i.l (2)

Given that the network is in one of these system states, with some nodes and links

inoperative, the resultant topology can be analyzed for qualities like segmentation and

segment size.

Now it is useful to describe the connectivity metrics investigated by NetStat. The

primary measure of connectivity looked at by this tool is the probability of segmentation,

Pseg. This metric is very simply the probability that the network will consist of more than

one segment. Stated more rigorously, Pseg is the probability that at least one operational

node cannot establish bidirectional connection with at least one other operational node.

This is seen as a good measure of how well the network is performing its function of

connecting all nodes and it is desirable that Pseg be minimized in most cases. This metric
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is an accepted reliability measure in the current literature Ill. As a note, a network

consistin of one or zero nodes is not considered segmented by definition. Pseg can be

calculatei as follows:

let p, = 1 if the jth system state contains > 1 segment

= 0 if the jth system state contains 1 or 0 segments
Nstates

Pseg= Pi P(xj)
S1(3)

Another well accepted measure of connectivity which is investigated by NetStat is

the expected value of the number of connected pairs, Ecp [4]. For a given network, the

number of connected pairs is defined by:

let Ki = # of segments in the j'h system state

Nk = # of nodes in the kth segment of the j1h system state
N Nk(Nk- 1)

#of connected pairs in a particular system~j, = Ncp, = '( )
k.1 (4)

It is the number of ways to choose 2 nodes from a set of N nodes summed for each

segment in the network. The expected value of connected pairs is given by:

Nstates
Ecp= • Ncp, P(x,)

Si(5)

Two other metrics are, the average or expected value of the segment length, Esl,

and the expected value of the maximum segment length, Emsl. All possible segments and

their probability of occurrence are used to compute the average segment size; whereas only

the maximum segment length for each system state and it probability of occurrence is used

to compute the expected maximum segment length. These measures give an idea of how

well the network is held together even if segmentation does occur. They also give an

indication of the most likely segment size which is useful when designing distributed

systems on a probabalistic network. Their definition is stated mathematically as follows:

let Lk = the length of the kth segment

Mi = the length of the max mum segment in the jth system state

Nstaes Nstates

Esl= P(xj) Emsl= I MiP(xj)
j-1 Kj (6)(7)
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For generality, when we look at Ecp it is normalized to the maximum number of

connected pairs in the fully functional network. Similarly, Esl and Emsl are norrahlized to

the total number of nodes in the k hole system whet, all nodes are functional.

All of the metrics here can be computed exactly based on their definitions. One

could examine every possible state of the network along with its probability of occurrence

and keep track of segmentation , number of connected pairs, segment size etc, However,

as stated before, the number of s.,stem states grows exponentially with the number of
nodes and links and this method would be intractable for all but the most trivial networks.

Another approach, which works in some cases, takes advantage of system

constraints and network symmetries to simplify the computaton. Two of these analytical.

closed-form expressions are shown here without proof for later companson. The first is an

expression for Pseg for an N node ring with duplex linking elements. The parameters are
p, the node probability of failure, and q. the duplex link probability of failure:

N, I

Pseg = 1-pN + (N - 1)(1 - p)N( 1 - p)N- N ., p(1 - p)NV1 q)N-+-
1.0 (8)[8]

The second is an expression for Pseg for an N node simplex ring. where q is the simplex

link probability of failure:

Pseg =1- pN -N pN-1 (1 - p)-(1 - q) 1 - p)N (9)[121

However, when the system under consideration has a fair sized number of nodes

and a fairly complex topology, our only recourse is computer simulation. The technique
used in NetStat is a Monte-Carlo simulation. The basic principal of the Monte-Carlo

technique in this application is to randomly generate an ensemble of the system states so

that estimates of the connectivity metrics can be computed over this ensemble. It is an

essential requirement that the randomly generated system states in the Monte-Carlo
simulation be statistically independent. This can be achieved if a random number, Rn,
uniformly distributed between 0 and 1, is generated for each network component and
compared to that components Pd in the manner of a Bernoulli experiment, as follows:

if Rn s Pd,, the state of the ith element is inoperative

else if Rn > Pda, the state of the ith element is operative
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This also assumes that the uniform random numbers are statistically independent. This

process is repeated for every element in the network thus generating one random state of

the network.

The randomly generated system state can then be analyzed as before for

segmentation, number of connected-pairs, segment size, etc. This process of generating a

state and analyzing it is repeated as many times as is dictated by the simulation. The idea is

that the statistics observed in this randomly generated ensemble will reflect the true ones

and a good estimate of our metrics will be obtained if enough samples are used.

The benefit of the Monte-Carlo technique is that the number of states or trials that

must be investigated can be significantly less than the total number of system states and is

only dictated by the required accuracy. There is ar, expression which relates the number of

Monte-Carlo trials required to the desired accuracy as follows. Without going into detail

this expression relates the estimated result produced by the simulation to the exact result it

reflects with the number of trials, N, as a parameter. It can be applied to general precision

if the exact probability, p, is assumed to be the least significant digit in the desired

accuracy:
p = the exact probability being estimated

S= the estimated probability

p - 2 F_< < - p + 2 7_ (10)[6)

This expression is valid with a 95% confidence level due to certain approximations

in its derivation. An example of its application follows:

let p = the desired accuracy in Pseg = 10-3

N = #of Monte-Carlo trials = 104

0.00036 < <0.00163

From this we can expect to see fluctuation in the third decimal place and occasional

fluctuation in the second decimal place when 10,000 Monte-Carlo trials are used.

3.0 Implementation:

The computer application, NetStat, was implemented on a Macintosh personal

computer using Symantec's Think Pascal. The Macintosh platform was desirable due to its



8

inherent support for a graphical user interface as well as being an adequately powered

computing engine. This support comes primarily through the, roughly, 700 ROM-based

Pascal routines which are bundled with the Macintosh computer. These routines handle a

wide array of low level tasks, including the creation of a windowing environment, pull-

down menus, file I/O, basic drawing, etc. Although the description of the program which

follows is focused primarily on the simulation related data structures and algorithms, it

should be noted that more than 70% of the source code is devoted to creating the GUI and

platform specific interaction. This is a typical percentage for applications with a full GUI.

The application was geared to the high end Macintosh II series computer (SE/30

also) which incorporates a separate math coprocessor to enhance the efficiency of floating-

point operations. The source code may be recompiled to run on Macintoshes without a

math coprocessor making minor adjustments. However this will result in a noticeable

degradation in performance.

The choice of a Pascal-based development environment' was natural due to its

compatibility with the operating system interface and the language's straightforward

readability. Pascal also offers a number of language constructs which facilitate the

implementation of this model. These include; abstract data structures such as "records" and
"sets", the ability to link structures with pointers (e.g., linked list), and support for

recursive procedure calling. In the description of the program implementation that follows

it will be shown how these features were utilized to construct a model of the network and

facilitate its analysis.

A typical user session on NetStat consists of three phases ( see NetStat User's

Manual for complete description of program environment and user interface ). The three

phases are; topology construction, parameter specification, and simulation run. During the

topology construction phase, while the user visually lays out the network to be analyzed,

an analogous data structure is constructed and held in the program's global data space. The

data structure is basically a linked list consisting of two types of elements, node records

and link records. Figure 2 shows the basic makeup of these two records (see NetStat

Source Code, ConsVars Unit for exact record structure).

*Authors Note: The Think Pascal environment is an excellent full featured professional
programming environment. It offers an integrated editing, debugging, linking and
compiling shell with an intuitive and easy to use interface. I highly recommend it.
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Node Record Structure Link Record Structure

LOCATION ID LOCATION ARROWS
Pd KIND Pd I KIND

ALIVE/DEAD ALIVE/DEAD

Array of Link Pointers End Point Node PointersI I !I I " T .. .
Figure 2 - Record Structure for Nodes and Links

The network element records contain graphical information such as the "location",
which specifies, relative to the application drawing pad,where the element should be
drawn. In the case of the link, additional information is stored showing where the "arrows"
should be drawn. All elements have a "Pd" field which is its probability of failure and a
"kind" field which specifies "Node","Hub", or "Bypass" in the case of the node element
and "Simplex" or "Duplex" in the case of the link. All elements also have a state field
which specifies whether the element is operational or not. Most significantly, all element

records have holders which can contain the address of, or pointers to, the other records in
the network data structure. In the case of the nodes, an array of pointers to link records is
used to keep track of which links emanate from a node. It should be noted that a pointer to

a bidirectional link would be svored in the array of both its endpoint nodes whereas a
simplex link pointer would only be stored in the node from which it emanates as indicated
by its arrow. In the case of links, two fields are provided to keep track of the addresses for

the two node records at each endpoint.
Figure 3 illus,:ates the resultant data structure when a 4 node ring with one

diametric crosslink is constructed. All links are bidirectional.
After the topology is constructed the user may specify the Pd's for the network

components. This may be done uniformly by type; that is for instance, all "Hubs" have a
Pd = 0.1. It may also be done individually by visually navigating the network (clicking on
components) and setting each components Pd accordingly. Additionally, parameters such
as the number of Monte-Carlo trials can be set.

When parameters such as these are set up, a simulation "run" can commence. A
flow chart of the simulation operations is shown in figure 4. The state of each network

component is determined for all the components in the network to produce a new topology
or system state. This resultant topology is analyzed for the metrics described above and
counters are maintained as to whether segmentation occurred, the number of segments
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Figure 3
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Figure 4
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produced and their sizes. This process is repeated N times where N is the number of

Monte-Carlo trials. Then the counters are examined to determine Pseg, Ecp, Es) and Ems].

The operations in block 3 of figure 4 are central to the working of the simulation

and it is very important that this step be computationally efficient. Basically, this operation

is implemented as a depth-first tree search which proceeds until all operational nodes are

accounted for. The searching portion of code is called recursively while keeping track of
"set" type variables which indicate which nodes are in the current segment and those that

are accounted for in other segments (see NetStat Source Code, MultiEngine Unit.

procedure inspectseg ). The "set" language constructs included in Think Pascal are

instrumental in these operations, providing a means to compute rapidly the union and

intersection of various sets. The tree search must treat simplex links in a special way. The

nodes encountered when traversing a simplex link are not added to the set of nodes in the

current segment until a roundtrip path is established.

Another critical portion of the implementation is the nature of the random numbers

generated when determining the state of each network component. These numbers must be

statistically independent and a unique series of numbers must be generated each time a

simulation is run. The random number generator used in this simulation is the native one

found in the Macintosh ROM which has been well studied and determined to generate high

quality output*. Steps were taken to re-seed the random number generator between runs.

Source code for NetStat is included at the end of this paper. The code is broken

into three units; ConsVars, Main, and Multi-engine. ConsVars contains global constants

and global variables as well as application specific data types and structures. The "Main"

unit contains many routines to implement the user interface and construct the network data

structure as well as the main-line of the program. The "MultiEngine" unit contains two

versions of the code that analyzes a given topology, one which is optimized for Pseg and

another which is more general in scope.

" Minimal Standard RNG - Park. Miller; Communications of the Association for
Computing Machinery. Oct. 1988
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4.0 Example Application:

To illustrate how NetStai can be used an example problem is posed. The example

problem, which might be faced by a local area network designer, is the choice between two

given topologies. Specifically, the tool will be used to evaluate the benefits of a star
topology versus a ring topology for a twelve node network. For one of the given
topologies the tool will also be used to determine the best way to enhance its reliability.

Some assumptions about the problem follow. The role that the network is designed
to fulfill is the bidirectional communication between all nodes, and the network is

considered failed if all nodes cannot communicate. The link medium is assumed to be
bidirectional (duplex) such as ethernet coaxial cable. For the most pan, equivalent
resources are available in each case. That is, twelve nodes and twelve links are available to
construct the network. In the case of the star however, an extra component is assumed for
the central connecting node, or hub. (In the actual simulation a "bypass switch" is used

because we do not want the central node counted for Pseg or segment length - see Users'
Manual ). In general we know very little about the actual destruction probabilities for the
various components. We have made the assumption that all components of one type have
the same destruction probability. Additionally in certain design environments the nodes are
more likely to fail than the links. This assumption has been made for one of the
comparisons described here.

Figure 5a and 5b show the two architectures as they were set up in the simulation
environment. The probability of segmentation was chosen as the criterion of optimization

because of its stringent nature and because of the previously stated goal of the network to
provide communication to all nodes. As a reminder, our aim is to choose the topology
which minimizes Pseg. Since we have very little information about the probabilities of

failure, we must analyze the behavior of the network over a range of values for each
component, thus generating a family of curves for each topology which paint a broad
picture of their respective levels of connectivity. The main paranmters to be varied are the
probability of destruction for the nodes ( NPd) and for the links (LPd). In the case of the

star the central nodes destruction probability (HPd) may also be varied. Figure 6 and 7

show families of curves of Pseg versus LPd for different values of NPd, for the ring and
the star architectures respectively. It turns out that the Pseg for the star is fairly sensitive to
the value of HPd (see Figure 8). For the purpose of comparison we
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only examine two cases, HPd=O and HPd=O.1, assuming a highly reliable hub can be

used.

From the figures we can see that the stars reliability is more sensitive to LPd than to

NPd, whereas the rings reliabili" is more equally sensitive to NPd and LPd. Because we

know that nodes are more likely to fail than links, we would like to make a comparison

with this constraint. We can (somewhat arbitrarily) let LPd = 0.5 NPd and let NPd be

varied. Figure 9 shows this for the star and ring. Also shown in this figure is the affect of

adding crosslinks to the ring which will be discussed later. For all of the curves presented,

failure probabilities beyond 0.5 were not investigated since the state of the network is less

interesting when more than half of the components are removed (we assume that the

network will almost assuredly be unusable in this state). Additionally, the value of Pseg

approaches 0 as NPd approaches 1, by definition. This is somewhat counter intuitive and

is not constructive in the comparison.

In the last comparison only failure probabilities less than 0. 1 were examined. This

assumption of low levels of component failure can be reasonable in many cases, excepting

possibly the military environment where high levels of damage can occur. The comparison

in Figure 9 favors the ring over the star even with the generous assumption of HPd = 0.

Given that a ring has been chosen, one may be interested in ways to enhance its

reliability. There are two ways to approach this. The first is to try to minimize the failure

probabilities of the components and the other is to add resources, namely links, to provide

redundant connection. Assuming that all has been done to minimize failure probabilities we

must turn to the addition of links. This begs the question; where should this link be placed

to minimize the probability of segmentation. In the case of the twelve node rirg an

additional link was added between all possible pairs of nodes and it was determined that the

diametic crosslink provides the most additional reliability. Data was generated for the ring

with increasing number of diametric crosslinks. The results are shown in figure 9 through

13. From these figures we can see the significant benefit to reliability realized by adding

redundant links.

It is also important to note that this has a greater impact on reliability than increasing

the reliability of the hub in the star network. This is a significant result because it is often

cheaper to add more links than to increase the reliability of certain components.
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Comparison of 12 Node Star with Hardened Hub
to 12 Node Ring with 0 to 6 Crosslinks
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Probabilty of Segmentation for
a 12 Node Ring with 1 Crosslink
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Probability of Segmentation for
a 12 Node Ring with 2 Crosslinks
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Probability of Segmentation for
a 12 Node Ring with 3 Crosslinks
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Probability of Segmentation for
a 12 Node Ring with 6 Crosslinks
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5.0 Verification of Results:

One of the inherent problems with a simulated result obtained in the absence of a
closed form solution, is the difficulty in verifying the output. Even when the principal of
operation is sound, algorithmic errors can corrupt the results. Therefor it is necessarily to
take extra steps to validate a simulation . In the case of the simulation described her ,
several techniques were used to gain confidence and corroborate the results.

One technique that is useful is to look at limiting cases. Specifically, we can look at
the probability of segmentation as the Pd of the components approaches zero or one. Pseg
should approach zero as component failure probabilities approach zero(provided the
network was unsegmented to begin with). Pseg should also approach zero as the Pd of all
the components approaches one, as stated before. This method can be applied to all
components or selected ones. Another verification scenario using this technique is a star
network where all the satellite nodes and links are given a Pd of 0 and the HPd is allowed
to vary. As HPd approaches 0, Pseg approaches 0. In fact, Pseg should be exactly equal
to HPd at all values.

Another technique is to examine simple cases with a few number of nodes and
links. These can be worked out by hand and compared to the simulated result. Taking this

a step further, closed form solutions that have been derived for certain types of networks
(see Theory of Operation ) can be compared to the simulated result. To add further
confidence the comparison should be made for varying number of nodes and probabilities

of destruction. This type of comparison was performed for the two closed form solutions
provided earlier(equ. (8) and (9)) with positive outcome. Figure 14a and 14b show the
results of the comparison.

Another aspect of the simulation that can be verified is the convergence of the
Monte-Carlo results with increasing number of trials. This technique was applied to a
sample network by examining the spread of the computed result for Pseg over a set of 10
runs with the number of Monte-Carlo trials varying from 10 to 100000. The results of this

test are shown in figure 15. The performance is in agreement with that predicted by the
expression for Monte-Carlo confidence intervals (equ. (10)).
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Graph Showing Convergence of Monte-Carlo
Simulation with Number of Trials
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6,.0_.Summz :

NetStat has been demonstrated to be a useful tool in assessing the reliability and
connectivity of networks. It is able to solve, through the use of Monte-Carlo simulation, a
wide array of problems which are otherwise intractable when approached in a closed-form
manner. The problem space addressed by NetStat is curren•ly of great importance as infra-
structures and information systems become more complex and new ones are designed.

Problems such as those addressed by NetStat have been treated in current literature
to the extent that closed form solutions could be derived in certain constrained problems.
The metrics addressed by NetStat are generally accepted by the "networking" community as
valid measures of reliability. It is in the area where closed form expressions cannot be

derived that NetStat finds its utility. Additionally NetStat can be used to cross-validate
closed form expressions where a higher level of confidence is required.

It is the goal of the application to be generally applicable. To this end, NetStat
provides a number of network elements for topology construction so that real world

situations can be modeled as accurately as possible. These elements include specialized
nodes such as hubs and bypass switches as well as bidirectional and unidirectional links.
Failure probabilities for individual elements can be specified as the problem dictates. Once

it is understood how NetStat treats the various components n the simulation, specialized

scenarios can be constructed.
NetStat also provides an easy to use graphic user interface. In this way visual feed

back is available during problem setup. It is the aim of the application to be intuitive to
operate so that more time can be spent on interpreting results than on problem set up.
NezSta is implemented on the well known Macintosh platform increasing its ease of use

and accessibility. Finally, ranges of output data can be generated in an easily graphable
form so that a broad view of the problem can be mapped out.
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INTRODUCTION

The Network Survivable Topology Analytic Tool (NetStat) is a Macintosh

applicatio"- designed to aid a network architect or administrator in assessing the

survivability/reliability of a given network topology. NetStat enables the user to

graphically and interactively describe a network topology. The user is provided with

several types of network elements(nodes,hubsbypass-

switches,unidirectional/bidirectional links) so that real-world topologies can be

realized. After specifying destruction probabilities for each network

element(individually or by type) the user can then run a Monte-Carlo simulation on

the network to estimate certain connectivity metrics - the metrics available in this

application are explained below. Tools are provided to edit, save and rearrange

the topology so that 9. series of tradeoff scenarios may be investigated. In this way

the user can allocate network resources in an intelligent way to maximize

connectivity under a variety of conditions.

ABOUT BOX

[ Network Survivable Topology Analytic Tool (NetStat)
Uersion 1.2b by G. Marzot emall:gmarzot@llnus.mitre.org

This Freeware application is an extension of the survivability
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my Tufts University MSEE project - Prof.Chang, Advisor
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USER INTERFACE

toolpalette:

It File Edit Analyze

no- ".. NetStat ,

S~:Vi~iiii

T1

The network architectures are constructed in the application's drawing pad

in the main part of the application window. In the left hand side of the application

window a toolpalette is provided to assist in this operation. Each icon in the

palette, when selected, corresponds to a mode that determines what will be

drawn(or erased) in the drawing pad. A tool is selected by clicking on its icon in the

palette. The icon remains selected (greyed) until the task associated with it is

performed once then the tool becomes unselected and the cursor returns to an

arrow. A tool may be indefinitely selected (locked/black) by double-clicking in the

desired icon. The user may now perform the selected task a number of times. The

user may change the tool by clicking in another icon or return to the default arrow

tool by clicking in the blank area at the bottom of the palette. The tasks performed

when each tool is selected are listed:



Node Tool - Add node to architecture by clicking in drawing pad,

cursor is a square

Hub Tool - Add hub to architecture by clicking in drawing pad,

cursor is a square

Bypass Tool - Add a bypass switch to architecture by clicking in

drawing pad,cursor is a square

Simplex Link Tool - Join any two nodes(nodes,hubs or bypasses) by clicking

in the source node then in the destination node(order

determines direction), the cursor is a line with one arrow

Duplex Link Tool - Join any two nodes by clicking in the source node then in

the destination node(order does not matter), the cursor

is a line with two arrows

Hammer Tool - Remove any node by clicking in it, all links incident on

the node are also removed, cursor is a hammer

Scissor Tool - Remove a link by clicking first in one terminal node then

in the other(order does not matter) , the most recently

added link will be removed, cursor is a pair of scissors

Arrow Tool - Default tool, Inspect the state of any network element

(node or link) by clicking in(on) it and set the failure

probability provided that option has been checked in the

Simulation Parameters dialog box(see below), cursor is

an arrow



menus:

Edit Analyze
S el 2i- letStat

Load MlL
Save US
Pr I n t -•""I

Quit fQ

The File menu allows a preexistent architecture to be loaded from a file

using the Load menu item. The architecture is usually stored in a file with the

name "fname.archa. The Save menu item will allow a recently constructed topology

to be saved to a file along with all present application settings. The Quit menu

item quits the application. (note: clicking in the application close box also quits the

application.) All other greyed items are unimplemented.

r i File ' Rnalyze

M 111 z t ---.,.---

!7!~ ~1 lit•e •l

.j Clearflll

The Edit menu allows the user to remove all nodes and links in the drawing

pad by selecting the ClearRlI menu item. All other greyed hems are

unimplemented.



r File EditD~~~

|[• Simulation...

Run.__•

The flnalyze menu allows the user to set parameters related to the

simulation and the output format. By selecting the Simulation... menu item the

Simulation Parameters and Settings dialog box is displayed(ser below). By

selecting the Output... menu item a dialog box displaying output specifications is

displayed (see below). The Run menu item initiates a simulation in accordance

with the present application settings.

dlaloc,:

Simulation Parameters and Settings

M Monte Carlo #of Monte Carlo States IF6j--

o lI0hII1,tiI' #of total system states 2" 0

o Individually Defined Destruction Probabilities

® Destruction Probabilities Set by Type (see below)

from to step size

Node Pd- 0o250® or 0.00o 0.500 0 00 0

Hub Pd- (0.2501 or 00.000 0.500 0.00 0

Bypass Pd- 10.25 0 or 000

Simplex Link Pd- 0 ® or 00.500 0100 0

Duplex Link Pd= [.I=uJ 5 or 00.500 3 0

C o,
I I ia n e ,



The Simulation Parameters and Settings dialog box allows the user to

specify the number of Monte-Carlo trials that will be generated in the simulation.

As a reference the total number of system states, based on a binary state for each

network' element, is shown in a static text field. The exhaustive simulation is

unimplemented. This would generate every realizable state for the system and

would be unrealistic for most networks. A radio button is provided to choose

between individually definable failure probabilities for the network elements or

failure probabilities which are set by element type (i.e., node, hub, simplex link,

etc.) . When the individually settable option is selected each element can be

assigned a different Pd (see ToolPalette for details). When the "by type* option is

selected all elements of the given type will have the same Pd. When the

destruction probabilities are set by type there is a further option to make them

constant or generate data over a range of destruction probabilities. (note: the

choice of a ranges produces nested loops and will greatly increase simulation time,

Best to run once with constant probabilities and then determine how many

iterations are reasonable)

Proballty of Empected value of
segmentation maximum segment length

O Average segment length value of
connected pairs

output filename: 1l."tit"ed I I

OK ) co.,:.,

The output settings dialog box determines which metrics will be

generated and put out to a file when the Run menu item is selected. A check mark



next to the metric indicates that it will be calculated and dumped to the specified file

in the output filename text field. A special feature is enabled when no metric

is checked. The probability of segmentation will still be calculated when Run is

selected but no file I/O will take place and the result will still be printed to the

screen. The simulation will run up to twice as fast in this mode.

Element Record Link Record

ID#: I ID#: I

TYPE: NODE TYPE: DPLl

Status: ALIVE Status: ALIUE

Pd; 10.250 Pd: 10.125

[C E [ OK F]-CL [ OK I

These dialog boxes are displayed when the user clicks in or on any network

element(node or link respectively) while the cursor is the default arrow. The Pd field

may be edited to a probability between 0.0 and 1.0 inclusive provided the

"*individual setting* option has been checked in the Simulation Parameters dialog

box.

CONNECTIVITY METRICS

When the Monte Carlo simulation is run an ensemble of the network states

are generated and the connectivity metrics are computed over that ensemble.

That means, that for one Monte-Carlo trial each network element may operational

or non-operational,based on its Pd, resulting in a new network which is a subset of

the original one. This resultant network can be analyzed in terms of its connectivity

metrics ( segmentation, segment size, connected pairs, etc.) and the result can be



stored. This process is repeated n times,where n is the number of Monte-Carlo

trials, and the results are averaged over n producing estimates of the metrics.

Probability

of Segmentation in graph theory jargon, this is the probability that a given

graph will contain more than one component. Stated

again, it is the probability that at least one surviving

node will not have duplex connection with at least one

other surviving node.

Average

Segment Length - Average segment length (normalized to the undamaged

segment length)

Expected Value

of Connected Pairs - Connected pairs are defined as the number of pairs of

surviving nodes that can communicate in a given graph.

For each segment the number of connected pairs

equals N choose 2, or N*(N-1)/2 where N is the

number of nodes in that segment. (Normalized to

undamaged number of connected pairs)

Expected Value of

Max. Segment Length - In each Monte-Carlo trial the size of the maximum

segment is recorded and averaged over the ensemble

of states. This is useful for investigating need for

resource replication in distributed processing

applications. ( Normalized to undamaged segment

length or total number of nodes)



FILE IO

Output over ranges of input parameters can be computed and dumped to a

file which is readable by CricketGraphTM. The file is in tab delimited ASCII form

and can be read by most graphing and plotting software.

Architectures can be saved to a file (Filename.arch) and reloaded later.

GRAPHING RESULTS W/ CrlcketGraphTm

This is accomplished by selecting both the output file and Cricket Graph and

then double-clicking on Cricket Graph. You may also read in the output file from

CricketGraph by selecting the show text file option from within CricketGraphs

Open... menu item dialog box. Appropriate column labels will be displayed.

LIMITATIONS/BUGS

The application is limited to 256 nodes with 256 links per node.

There is a limit oW A !:inks between any two nodes.

It is important to note that a 12 node system with 12 links simulating 10,000 Monte-

Carlo states on a Mac Ilcx takes approximately 10-15 seconds and that run time

increases with the number of states and the number of total elements. Some

simulations can run prohibitively long. Start with a small number of trials.

The application is designed to run on a Macintosh equipped with an 881/882 FPU,

it will crash if one is not present.

The application will crash if you try to load an improper file - this bug will be fixed



GLOSSARY

Pd - the probability that a given network elemeni wili fail.

Nodes - Nodes represent network components such as terminals, modems,

communication equipment or any similar items where users might

reside or locations where messages are relayed. The term node is

sometimes used to mean hubs and bypass switches as well.

Hubs - Hubs are the center nodes for star networks. Hubs are very similar to

Nodes. The only difference is a conceptual one. The separate

representation allows the individual setting of the hubs Pd as in a

hardened hub star network where the hub has a Pd=0 and the nodes

may have a non-zero Pd.

BypassSwitches - Bypass switches are usually three terminal components which

can sense the loss of one connection and switch to the other. This

allows nodes to be remoted from a network so that their loss has less

of an impact on its connectivity. Bypasses are not counted in

segment length ,connected pairs, nor is a segment consisting solely

of switches considered valid for the probability of segmentation.

Nodes and Hubs are.

SimplexLinks - Simplex links are unidirectional communication links. This allows

each path of a duplex link to be represented separately. Connection

with simplex links is deemed valid only If a round trip path exists

between the elements being considered.

Duplex Links -Duplex links provide bidirectional communication between the two

nodes connected. Any two elements linked with an operational

duplex link are considered connected.
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unit ConsVars;
Interface

co-st
(low memory nasties)

kSFSaveDisk a $214; 4 Negative of current volume refnum fWORD]
kCurDirStare a $398;, DiriD of current directory (LONGI

DEFSTATES . 1000; (default values for Simulation dialog box)
DEF_-NOOE-PD a 0.25;
DEFLINK(.PO 0.125;
DEF-FRM-PD a0:

DEF..TO-D a 0.5;
DEFS.TPýSZ a 0.1;

BASE..RESJD - 400; (base resource ID for most res)

NIL-_POINTER a 0; (Parameters, for various tool box calls)
MOVE_TOFRONT a -1;
REMOVEALLEVENTS =0;
SUSP_RES_MESS a 1;
RES-MASK a1;

NE VENT a0.

ADDL CHECKMARK = TRUE; (menu check parameters)
REMO VESHECK MARK - FALSE:

DRAG.THRESHOLD - 10; (window parameters)
SBarWidth - 15;
TOOL SIZE a 32;
PADLIMIT a 1024;

MAX NEG a -32768; (integer r3nge)
MAX PO9 a 32767.- 1;

MIN SLEEP a0; (parameters for waitnextevent call/verify)
NLjMOSE-REGION - 0;
WNE-TRAP...NUM - $60;
UNIhW'L.TRARNUM a $9F;

SIMDLOG BASE.RES._D +.1; (dialog box res ID)
OUTDLOG aBASE..RESJD . 2;
ELEMDLOG w BASE..RESJD. 3;.
UNKDLOG - BIASERESID +4;

NEWJTEM = 11; (file menu Items)
OPENJITEM - 2;
CLOSEFTEM a 3
LOADLJTEM a 4;
SAVE ITEM a 5;
PRINT- TEM = 6;.
QUa:ITTEM - 7;

UNDOJTEM a 1; (edit menu items)
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CUTITEM - 2;
COPY ITEM - 3;
PASTEJITEM -4;
CLEARJITEM a 5;

SIMITEM 1 ; janalyze menu items)
ouTJTrEM -2;

RUNJITEM - 4;

ABOUTITEM - 1; (apple menu item)

APPLE_MENU..IE a BASE_RESID; (menu res IDs)
FILEMENUID - ASE..RESJD + 1;-
EDIT-MENUJ D 6 ASE._RESID.+ 2;
ANALJMENG- D - BASERES_10.+3;

NODE ICON - IBASIERES,_0; Itool/element icon fes I~s)
HUB-ICON - BASE.3ESD + 1;
BYP_-ICON a BASE_.RESID + 2
SPLX_-ICON -BASERES._D + 3;
DPLXICON -BASERES_ID + 4;
CUThjCON -BASERES.JD + 5;
CUTLICON -BASE,_RESJID *6;
NULL-ICON -BASERESJD *.7;

ABOULýALERT a BASE_.RESJID; (alert res ID)

ELEM CURS -BASEFIES-K); (cursor Tes l~s)
C*JLNODE...URS = B3ASE_ESID, 1;
ADDSLNKCURS a BASE_RESID . 2;
ADD. DLNi CUIRS - BASEIRESJD) +3;
CUT_-LINKCbURMB-1ASERES_1D0.4;

DL-TOP $005; (location for error alert for bad disk routine)

DILEFT -$0070;

MAXJTEMS - 127; (maximum nodes~bypass~hubsAinks from one node)

ALINK a TRUE; (parameter for cutelern)
NOT.AUNK a FALSE;

P1 w 3.141592654; (I

typo
PtrToLong -Nongwit;

PtrToWord Aitvr

(nodefbypaaawhub variables for "et operations and bookeeping)
NodelOTYPe a 0..255;
NodeSet - eel of NodelOType;
SetArrayTypo = rrueyIO.. 127] of NodeSet;
SArrayPtr a ASetAffayType;
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(tool relat~d types)
ToolStat.Typ. = (off, on, locked);
CornType -(AddNod.. AddHub, AddByp, AddSplx. AddDpix, Cutlsode. CutLink, NuilCom);
LinkCorns se*t of AddSptx..CutLink:
MapType uarray[AddNode..NuIICom] of Reel,

(network element typs)
ElemType a (Node, Hub, Bypass, Dpix, Spix);
LinkElemsa s et of Dpix.Spix;

(Nod. Ike element record structure)

LinkPtr a ALink;

ElementPtr a Eeet
NodeArray a arrayjO..127J of ElementPtr;
LinkArray a arrayjO..127] of LinkPtr;
Element w record

ID: NodelOType;
Kind: ElemTyp.;
Pd: Real;
Loc: Reel;
Alive: Boolean;
ILtest: LinkArray

end-,
Momerent a record

Kind: ElemType;
Pd: Real;
Loc: Reet;

and,

(link element record structure)
Link a record

Kind: ElemType;
Endi ID, End21D: integer;
Endi, End2: ElementPtr;
HookPii. Aipti, A2ptl. HookPt2, Alpt2, A2pt2, Apti. Apt2: Point;
Alive: Boolean;
Pd: real

end;
FLink a record

Kind: ElemType;
Endi ID. End2lD: Integer;
Pd: real

end;

(Dialog element type and record)
DlogltmType - (Npd, Hpd, Bpd, Spd. Dpd, Nfr, Nto, Nat, Hfr, Hto, Hat, Bfr. Sto. Bst. Sfr, Sto. Sgt. Dfr,

Dot, Mat. Tat, Mon, Exh, Nc. Hc, Bc, Sc, Dc, Nr, Hr, Br. Sr. Or, Ind. Typ, Ps"g, Aval, Ecp, Errol);
DialogRec a record

SimStrArr: arrey[Npd..Tst] of Str255; (Npdw3,Ssts24)
SimRadArr: orrey(Mon..Typ] of boolean: (Mona48,Dra59.1nd=25,
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Typ.26. ltom/to/step-33.35)
OutChkArr: orray[Pseg..Emsl] of boolean, (Pseg.S,Emsln8)
OutFileStr: Slr255

and;

TFiI.Pty a Atoll;

ArchRec - record
NodeArr: arrayfO..127J of FElement;
LlnkAff: array[O..127] of F~ink;,
NumNodes.: longint;
NurnLinks: longint;
DiogRec: DialogRec

end;
ArchFile - file of ArchRec;

A~ilft aAArchFile;

war
g9I.nkSel: LinkElemns; Iset of link elements to destinguish from nodes)
qLCoETISeI: LinkCorns; {set of link related commands to destringuish from node corns)
gTSatez: ToolStateType. 1present stale of the tool panel)
gPadWindow: WindowPtr; (global window storage)
gSimDloqPtr, gOutDlogPtr, gElemDlogPtr. g LinkDlogPlr: DialogPtr;

(Dialog Pointers to bne loaded in initially and dereferenced
later)

gDIogRec: DialogRec; (record of diog box item states)
gDons. (TRUE when timne to leave app)

gWNEIrnplerented. (TRUE when WaitNextEvent trap, is implemented)
gFirstClick. (TRUE for first clik in content )
ginBackground: Boolean; (TRUE when application is in background used for activate event)
gTheEvent: EventRecord; (the event)

~~plMenu, gAnalMenu: MenuHandle; (menuhandels)
gDragRect: Reci; (window drag limits)
gVScroll, gHSctoll: ControlHandle; (scroll bar handles)
gNumnSegs. gTotalSegs, gNumStates, gSegCount, gCurrentTirne, g0ldTimne, gFirstlD. gNurnNodes,

gNurn~inks: longint;
gFileNarne: Str2S5;
g0rigiri: Point;
oPseg, gAvsl, gEcp. gEmasl, gPlnch: extended;
gUpdateRgn: RgnHmndle;
g#4ode: CornType;
gTMap: MapType;
qNod.Aff: NodeArray;
gNilLinkArr. gLinkArr: LinkArray:
qMaxSegAff. gSegLnthAff: array[O..MAXITEMS) of longint;
qWhenFirstClIck: longint;
gBypSet. gNodeSet: NodeSet;
gWorld: SysErtvRoc;
gSlSav*Disk: PtrToWord;-
gCur~litStore: PtrToLong;

Implementation
end.



Main
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(SI+)
program Stat (input, output);

uses
ConsVars. Engine;

procedure Grow (w: WindowPtr; p: Point);
forward;

(" PathNam.FromDirlD

(0)

S(" Given a DirlD and real vRefnum, this routine will create and return the)
4 (0 full pathname that corresponds to it. It does this by calling PBGetCatilnfo)

{4(0 for the given directory, and finding out its name and the DirOD of its)
(( parent. It the performs the same operation on the parent, sticking ITS)

{4(" name onto the beginning of the first directory. This whole process is)
4 (° carried out until we have processed the root directory (idenlified with)
{ (0 a DiriD of 2.)

function PathNameFromDirlD (DirOD: longint; vRofnum: integer): str255;

v.r
Block: ClnfoPBRec;
directoryName, FullPathName: str255;
err: OSerr;

begin
FulHPathName :. 0;

with block do
begin

ioNamePtr :a @directoryNarne;
ioDrParID :a Dirid;

end;

repeat
with block do

begin
ioVRelNum :a vRefNum;
ioFDirlndex :. -1;
ioDrDirlD :a block.ioDrParlD;

end;
orf &, PBGetCatlnfo(@Block, FALSE);

directoryName :a concat(diroctoryName, :);

fullPathName := concat(directoryName, fullPathName);

until (block.ioDrDirlD - 2);

PathNameFromDirlD :a fullPathNarme;
end;

r* PathNameFromWD
o*00000 o, o00o00000000o 000 0ql 00000°e la 0o-at o 00*o0o0oooo g S o 0eoo 00)
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(V)
{ (" Given an HFS working directory, this routine returns the full pathnarne)
4 (" that corresponds to it. 11 does this by calling PBGelWDlnfo to gel the)
(( VRefNum and DOrlD of the real directory. It then calls PathNameFromDiriD,)
| (( and returns its result.)
I(')

function PathNameFromWD (vRefNum: longint): str255;

ver
myBlock- WDPBRec;
orr: OSerr;

begin
with myBIock do

begin
ioNamePtr :. nil;
ioVRefNurn : vRefNum;

loWDIndex := 0;
ioWDProcID :- 0;

end;

4 Change the Working Directory number in vRefnum into a real vRefnum }
4 and DirOD. The real vRefnum is returned in ioVRefnum, and the real)

SDirlOD is returned in ioWDDirID.

err := PBGetWDInio(@myBiock, FALSE);

with myBlock do
PathNameFromWD :* PathNamneFromDirlD(ioWDDirlD, ioWDVRefnum)

end;

{I.............. Binomial ................. /
function Binomial (num: integer): integer;
var

i, p: integer;
begin

p :0 1;
If num >. 1 then

p := (((num- 1) * num) dlv 2)
eleo

p :a 0;

Binomial :& p
end;

{1'''' ..... " DoubleClick . .. /}
function DoubleClick: boolean;

begin
It TickCount > (gWhenFirstClick + GetDbtTime) then
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begin
gWhenFirstClick := TickCount;
DoubleClick :a FALSE

end
else

begin
DoUbleCiick := TRUE;
gWhenFirutClick := 0

end
end;

{ I~R~umToString/1
procedure RNumToString (num: real. war theString: Str255);

var
myStringl. rnyString2, myString3: 5tr255;
i: iniegor.

begin
NumToString(trunc(num). myString3);
num :-= Abs(nurn - trunc(num));,
i := round(num 11000);
niySiring2 := *.';

NumToString(i, myString 1);
It ((i - 100) and Fi ý, 10)) than

rnyStringl :a concat('0% myStringi)
else If i c 10 then

rnyStriigl := concat('00. myStringi);
theString :,w concal(mySlring3. myString2, inyStringi)

end;

~~ 1 StringToRNum /

procedure StringToRnum (theString: Str155; wer num: real);
ver
rnyStringl. rnyString2: Str2S5;
i, j, ki: integjer;
n: longint;

begin
i :u pos(*.'. theString);
If i a 0 then

begin
StringToNum(theString, n);
num := n;
Exit(StringToR~um)

end;

k :m pos('-'. theString);
If It a 0 then

begin
myStringi :a copy(theString, 1, i 1);
StringToNum~myStringl. n);
I:= I

end
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begin
myStringl :a copy(theString, k *1, i Ik,
StringToNum(myStringl.n)
j := -I

end;

num := n;
myStringi :a copy(theString, i * 1 1);
StringToNurn(myString 1. n);
num :w num + (n 1 10);
myStringl :so copy(the String, * 2, 1);
StringToNum(myStringl, n);
num := num.+ (n / 100);
myStringl := copy(th.String. i + 3. 1);
String ToN um(myStringl1, n).
num :a num .(ni1 1000):
num :. nm j

end;
4 /. ~~isDAWindow ..... 9.w./

function isDAWindow (w: WindowPtr): Boolean;
begin

If w a nil then
IsDAWindow :go FALSE

*ISO
IsDAWindow := (WindowPoek(w)A.windowkind -c 0)

end;

IsAppWindow *********9/

function i&AppWindow (w: Windowftr): Boolean;
begin

If w m nil then
isAppWindow := FALSE

else
IsApWindow :-w (WindowPook(W)A windowkind a userkind)

end;

procedure SetScreen;
ver

theRect: Raw;
begin

theRect := gPedWindoWA portRect;
theRect.right := theRect~right -S~afflidth;
theRect.bottoni :m tteRect.bottorn - SBarWidth;
"tRect.ilot :-. tVRect~left + TOOL.SIZE + 2;
OffeetRect(theRect. g~rigin.h. gOriginYv);
ClhpRect(lh*Rect).
Set~rigin(g~rigin.h, g~rigin~v)

end;

(Io**00 Roso1Screen**Q**'i)
procedure ResetScreen;
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begin
SetOrigin(0. 0);
MpReCt(screenBils bounds)

end;

DrawArrows
procedure DrawArrows (ttieLink: LinkPir);

v. F

rise, run: integer;
ptl. pt2: Point;

~.epi. slp2: point;
begin

with th*jir*A do
beg in

PenSize(2. 2);
MoveTo(Alptl.h, Alptl.v);
LineTo(Apt¶ .h, Apti .v);
MoveTo(A2ptll.h, A2ptl .v);
Lin.To(Aptl l.h Apti .v);
It kind - Dplx then
begin

MoveTo(Al pt2.h. Al pt2.v);
LineTo(Apt2.h. Apt2.v);
MoveTo(A2pt2.h. A2pt2.v);
LineTo(Apt2.h, Apt2.v);

end
end;

Pensize(f. 1)
end;

V 0 *S 0 * * * * * 5 0 * * * DrawCont 000 0 00 5

procedure DrawCont;
VU f

theRect Rect;
niyTimneString: 8tr255;
Mi: Handle;
ph: PicHandle;
i, j: integer;

begin
flor i :a I to gNumNodes do

begin
j :0 1;
ih :a Getlcon(NODEJICON + ord(gNodeArrrilA kind) -ord(Nods));
Plotlcon(gNodeArrqiA.Loc. 1h);
while gNod*AnffiJA.L~iat~j <: nil do

begin
MoveTo(gNodeArrlijA.LListUJA.HookPtl Ah gNod*ArriJA Ltist~iIA.HookPtlI.v):
LIfleTo(gNodeArrfI]A.LList~jA.HookPt2.h, gNod*Arr~i]A.LListU]A.HookPt2.v);
DrawArrows(gN odeArrjij A .LListUjJ);
j:0 j + 1

end



03/30/01 10:40 Usln.P Page S

end

and.

(/tt~*S**S** Graylcon ***/

procedure Graylcon (corn: CornType);

1h: Handle;
begin

fIh :a Getlcon(NODEICON *ord(com) - ord(AddNode));
Ploticon(gTMapfcom), ih);
PenMode(Pat~r);
PenPat(It Gray);
PaintRoct(qTMapjcorn]):
PenPat(black);
PenMode(patCopy)

and;

1/00I 0 0 0 * . . 5 DrawTools . . . . . . . . . )

procedure DrawTools;
var

Ih: Handle;
tRect: Rect;
corn: CornType;
provBottomn: integer;

begin
PonSize(l, 1);
prevBottomn := gPadWmndoWA pontReatlop.
for corn := AddNode to CutLink do
begin

gTMap~corn] :. gPadWindowA.portRect;
gTMapicom).top :uprovBottom;

gTMap(comj. right :. TMapfcornj.left + TOOL-SIZE;
gTMapfcoml.bottom := gTMap(coml.top # TOOL.SIZE;
prevBottom := gTMap~coml.bottom;
Ih :aGetlcon(NOOEJCON + ord(corn) - ord(AddNode));
Plotlcon(gTMa~pfcom). ih);
FrameRect(gT~apicoml)

end;
SetRect(gTMap[NulICornJ, 0, 0. 0, 0);.
MoveTo(gTMapjCutLinkJ. left, gTMap[Cuttink].bottom);
LIn@To(gTMap(Cut~inkJ~rght + 1. STMapfCutLinkl.bottom);
Nf gMode o. NullCorn then
as**. TState of

on:
begin

Graylcon(gM~oe)
end;

InvoflRect(gTMap~g Model);
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end;
off:

end;
PonSize(2. 1);
t~ect := gPadWindoWA portR~c*t
blect.right := t~ect.Igtt + TOOLSIZE;
Mov*To(tRect. right. tRecit.op);
LineTo(tRect-rigtit, tRect bottomn SBarWidth):
PenSiz*(I. 1)

end;

I . . . " . DrawWindow 9 00 00 090

procedure DrawWindow (1heWindow: Windowftr);
war

thoRect: Rect;
inyTimoString: Str255;

begin
Set Sc riaen-
DrawCont;
ResetScr~en.
DrawTools

end;

(1 o 9 * * UpdateWindow 0 09 0 9 91

procedure UpdateWindow (theWindow: Windowftr);
war

savePort: GralPtr;
begin

GetPort(savePort);
SetPofl(theWindow);
9.ginUpdato(theWindow):,
"Ifnot EmptyRgn(theWindoWA visRgn) then

begin
EraseRoct(th.WindoWA portRoct),
DrawffindowptheWindow);
DrawControts(theWindow);
DrawGrowicon(theWindow)

end;
EndUpdat*(thoWindow);
SetPort(save Port)

and;

4 9. . Grows 9999000/

procedure Grow (w: WindowPtr; p: Point);
V.,
*%vePort: GrsfPtr;
itheResuit: longint;
*Scroll. integer;
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r. oView, viewRect: Roct;
begin

G~tPort(savePort);
SetPort(w);
SetRect(r, TOOLSIZE + 18, 7 * TOOL-SIZE *18, screen~ils. bounds. right, scr..n~its.bounds. bottom);
theResult :- GrowWindow(w. p, r);
If (theResult c> 0) then

begin
viewRect :. wA.portRect;
InvalRect(gVScroIIAA.contriRect);
invalRect(gHScroliAA.contriRect);
EraseRect(g VSCroIIAA.contrlRect);
EraseRect(gHScrolIAA.contrlRect);
viewRect.left :a viewRect.right -SBarWidth;
vi~wRect.top :w viewRect.botiom - SBarWidth;
InvalRect(view~ect);
EraseRoci (viewRect);
SizeWindow(w. LoWord(theResuit), HiWord(theResult), TRUE);
HidlePen;
MoveControi(gVScroli. WA pornRoct.righl - SBarWidth, WA pontR~ct.lep 1);
SizeCoritrol(gVScroll. SBarWidth + 1, WA.poflRect.bottom -WA portRect.top - (SBafWidth 2));
MoveControl(gHScroII. WA.portRect.Ittt 1, wA.poflRect.bottom -S~arWidth);
Siz*Control(gHScroII, wA.portRect.right _WA portRect left (SBarWidth 2), SBarWidth 1,.
ShowPen;
UpdateWindow(w);
SetPort(sav. Port)

and
and;

. . HandleNull I

SaveSettings
procedure SaveSettings (theDlog: DialogPtr);
vs r

ItemType: integer;
I: DlogltemType;
Iteml-andle: Handle,
ItemnRect: roci;

begin
with gDIogRec do

begin
if the~log w gSimDlogPtr then

begin
for 1 :# Npd to Mst do

begin
GetDherm(gSimDlogPtr, (ord(i) - ord(Npd) + 3), ItemType, ItemHandle. ItemRecl);
GetIText(itemHandle, SimSirArr~iJ);

end;
for i :a M~nn to Typ do

begin
It i~ cId then

begin
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GetDItem(gSimDiogPtr, (ord(i) - ord(Mon) + 48), itemType. itemHandle, illemRect);
SimRadArrjij := Boolean(GotCtiValue(ControlHandle(itemHandie)))

end
else
begin

GetDitem(gSimDiogPtr, (ord(i) - ord(Ind) + 25), liemrTyp., item~andle, llemRoct);
SimRedAnff] :& Booiean(GetCtIValue(ControlHandle(itemHandle)))

and;
end

end
else

begin
for i :a Pseg to EmnsI do

begin
GetDIl~m(g~utDlogPtr. (ordQl) - ord(Pseg) + 5), itemType, itemHandle, itsmRect);
OtatChkArr~iq := Boolean(QetCtiValue(ControlHandle(ie~mHandie)))

end;
GetDltem(gOutDlogPtr. 3, ilemType. ilemHandle, itemRect);
GetIText(itemHandle, OutFileStr)

and
end

end;

f /Restore Settings
procedure RestoreSettings (theDlog: DiaiogPtr);.
vat
5I: DlogltemType;
kemType: integer;
IternHandie: Handle,
ftlmRect: ract;

begin
wtlh gDlogRec do
begin

BringToFronl(thel)log);
If theDlog a gSimDioqPtr than
beg in

GetDItem(gSimDlogPtr, 25, itemType, item~andle, ftemRect);
SetCtlVaiue(ControiHandle(itomHandie), integer(SimRadAffjIndI));
GatD~ttm(gSimDiogPtr, 26. ilemType, itemHandle, itemfect);
SetCtiValue(ControlHandie(iternHandle), integer(SimRadArr(Typj));
for i :w Npd to Mstt do

begin
GetDltem(gSimDlagPtr, (ord(i) - ord(Npd) + 3). itemTyps, ItemHandle, itemRact);
SetIText(itemHandle. SimStrArriifl;

end;
for i :. Mon to Dr do

begin
GetDftent(gSimDIogPtr, (ord(i) - ord(Mon) + 48), iltemType. ftemHandle, itemRect);
SetCtlVaiue(ControlHandie(itemHandie), lnteger(SImRadArqil));

end;

end
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*Ise
begin
for i:a Paeg lo Ernst do

begin
GelDhtem(g~utDiogPtr. (ordý;) - ord(Paeg) *. 5), itemnType, iternHandle, itemnRect);
SetCtiValue(ControlHandie(itemHandle), intager(OulChkArrjij));

end;
GetDltem(g0utDlogPtr, 3, itemnType, itemHandle. itemnRect);
SetlText(itemnHandle, OutFileStr)

end
end

end;

I/ * 0 * 0 * * 9 HandieAppieChoice 9 9 0090 99I

procedure HandleAppi.Choice (theitem: integer);
Va,

accNarne: Str255;
n, accNumber: integer;
itenNumber: Byte;
AboutDialog: DialogPlr;

begin
case (theitern) of

ABOUTJiTEM:
n :a NotoAiert(ABOUT ALERT, nil);

otherwise,
begin

Gvetltorn(gApphtdenu, theitem, aocNarne);
accNurnber := OpenDeskAcc(accName)

end
and

end;

f)~~~ H~iiTooi l .990./

procedure HihiTool (corn: CornType);
var

theRect: Rect;
lh: Handle;
dbl: boolean;

begin
dbi := DoubleClick;
Ht (gMode a corn) then

begin
If not dbl then

begin
If gTStale a on then

begin
gMode :a NuIlCom;
gTState := off ;
gFiMsCiick :a TRUE;
oFirstiD :.& 0;
ih := Goticon(NODEICON ,ord(com) - ord(AddNode));
Ploticon(gTMap[cornj. ih)
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end
else

begin
If corn -cm NuilCom then
begin
gTStat. :. on;,
Graylcon(com)

end
end

end
off*

begin
If corn a. Nu~lCom then
begin

gTState := locked;
lh := Geticorn(NODE ICON +oi'd(com) - ord(AddNods));
Pioticon(gTMap(corn), ih);
lnvertRoct(qTMapicom])

end
end

end
of$e

begin
Hf corn c- NullCorn then
begin

gTState :a on;
ih :a Gaticon(NODEICON -ý. ord(gMode) -ord(AddNodo));
Ploticon(gTMapjqModel, iti);
gMods *a corn;
Graylcon(corn)

end
else

begin
ii :a Geticon(NODEJICON + ord(gMode) - ord(AddNode))*;
Ploticon(gTMapjgModo]. iii);
gMode :w corn;
9TState :. off

end
end

end;

{ ~ ~~ FindElern*m/
function FindElem (pt: point): integer;

war
P: point;
don: boolean;
Elem: Integer;

beg in
p~h .pt~h + 90rigin.h;
p~v :.pt.v + 90rigin.v;
Elem :a 0;
done :m FALSE;
Nt gNurnNodes > 0Othen
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repeat
Elam :0 Elem +1:
done :& PtlnRect(p. gNod.Arr[E1emjA. L oc);

until (done or (Elem = gNurnNodes));
Hf not done then

Elem := 0;
FifvlElem :a Elem

end;

(7~~~ GetllnkNum ~/
function GettinkNum (pt: point): integer;

war
p: point;
horiz. veon, done: boolean;

risal rise2. run 1, run2, link: integer;
begin

p.h :.pt.h *gOrigin.h;

p~v :-pt.v 90grigin.v;
link :-0;
done :- FALSE;
If gNumLinks >0 then
repeat

fink *- link + 1;
with gLinkArrilinkJA do

begin
von :a (HookPtl.h a HookPt2.h);
horiz :a (HookPtl .v aHookPt2.v);
It ((p.h cm HookPtl.h) and (p~h 3.. HookPI2.h)) or ((p.h -ca HookPt2.h) and (p.h iom HookPtl.h)) then

If ((p.v -mHookPtl .v) end (p.v >= HookPt2.v)) or ((p.v -cm HookPt2.v) and (p.v 3mHookPtl .v))
then

begin
runi :& HookPtl .h -HookPt2.h;
risel :m HookPtl .v - HockPt2.v;,
run2 :a HookPtl.h - p.h;
rse2 := HookPt1.v -p.v;
If (horiz end (abs(p.v - HookPtl.v) a 0)) then

done := TRUE
else It (vefl and (abs(p.h - HookPtl.h) = 0)) then

done * TRUE
*lse If (abs(round((risel Iruni) * run2) -rise2) cm 1) then

done :a TRUE
eleo If (abs(round((runl /risel) *ris*2) run2) cm 1) then

dons := TRUE;

and;

end;
until (done or (link a gNuml~inks));

IN not done then
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link :- 0;
GetLinkNumn :- link

end;

(/**S****** PopElernDLOG .............

procedure PopElemOLOG (theElem: integer);
ver

dun: boolean;
IDStr: Str255;
TypeSir: Str255;
StatusStr: Str255.
PdStr: Str255;
theNewPd: real;
it~mType: integer;
ftemHandie: Handle;
itemRect: rect;
Item: integer;
result: integer;

beg in
BringToFront(gElemDlogPtr);.

NumToString(lhaElem, IDStr);
GetDltem(gElemDlogPtr. 4. ItemType, ItemHandle, ItemnR.ct);
SatlText(itemHandle, IDStr);

case gNodeArrjlh.Elem]A. Kind of
Hub:
Typ.Str :a 'HUB*;

Node:
Typ@Str := 'NODE';

Bypass:
TypeStr :a 'BYPASS';

otherwise
end;
GetDitenm(gElemDlogPtr, 6, ItemType, llemHandie, ftemRsct);
SetlToxt(itomHandl.. TypeStr);

Of gNodeArrftheEleMjA.Alive then
StatusStr :-'ALIVE'

else
StatusStr a 'EAD'

GstDhtem(gElemDloCPtr. 8, ItemType. ltemHandle, ItemRedt);
S.tiToxt(itemHandle, StatusStr);

RNumToString(gNod9Arrfth*EleM)A. Pd, PdStr);
GetDltem(gEiemDlogPtr, 10. ItemType. Item~andle, ltemRect);
SetlText~iterM~andle. PdStr);

ShowWin"Jow(gElemDlogPtr);
while not dun do

begin
ModalDialog(nhI, Item);
ease hem of
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1:
begin

Gst~lsomfgE~emOIogPjr. 10. iwmType, ItemHandle. ftoemRect).
GstITe1(itemHandle, PdStr).
StnngToRNum(PdStr, th*NewPcl}.
If (ttwNewPd -. 1.-0) and (th$NewPd >. 0) then
begin

If (lth.NewPd <3 IN~odeAnhlheEiOm]A.Pd) than
begin

It(gflogRecSimRAdArrjlndj) then
begin

gNodeArr[TheE IOMIA.Pd :w theNewPd.
Hi~ewmndow(gE ~emDlogPtr);
dun :. TRUE.

end
*190

result :. Not.AIeri(402, nil),
end

else
begin

Hsdewindow(qE lemDIogPtr):
dun :& TRUE.

end .
end

*Is*
begin

RNunlTo~trmfg(gN ode A rrth*EtermJA .Pd, PdSir).
Ge1Dihem(gE~mDIogPtr. 10. liemrTyp., heml-andle, ltsmRect):
Se¶IlTxi(AtemHand*e, PdSlr):
result := Notekle¶401, nil).

end.
'end,

2:
beg in

HtdeWmndow(gEIemDiogPtr).
dun :. TRUE

end;
end.

end,
end;

(/~~~ PopLinkOLOG ~/
procedure PopLinkDLOG (theLink: integer)-,

war

dun boobean;
lOSir Str255;
TypeSir: Str255;
StatusSir: Slr255.
PdStr: S"r55;
th*NewPd: real;
f1.rnlype: integer;,
lisom~andle: Hardie;
ltemRect: rect;
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Item: integer;
result: integer;

begin
BringToFront(gLinkDloqPtr);

NumToString(theLink, tDStr);
Get~llam(gLinkDiogtr. 4, ItemType, heml-andie, itsmRect);
SetlTexi(itemHandle, IDStr);

case gLinkArrlfteLink)Af.Kind of
DPIX:

TypeStr * DPLX*;
Spix:

TypeStr *.SPLX'.
otherwise

end;
GetDltem(gL~nkDiogPtr. , fltemType, Iteml-andie, ltemRect);
SotIText(iteml-andie. TypeStr);

If gLinkArritheLinl] '.Alive then
StatusStr :='ALIVE'

*ls*
StalusStr :a D)EAD';

GetDItem(gLinkDlogPtr. 8, itemType, hteml-andle, hemRect);
SetlText(ilemHandie. StatusSir);

RNuinToString(gLirlkArrftheLinkjA.Pd, PdStr);
GetDltem(gLinkDIogPtr. 10, hemType, ItemnHandle, itemRset);
SetIToxt(itemHandie. PdStr);

ShowWindow(gLinkDiogPtr);
while not dun do

begin
ModalDiaiog(nill, Item);
case Item of

1:
begin

GelDftern(gLif*DlogPtr, 10, ItemType. hemHandle, itemRect);
Getllext(itemHandle, PdStr);
StringToRNum(PdStr. theNewPd);
If (ftNewPd -cm 1.0) and (theNewPd ),.a 0) then

begin
Hf (theNewPd ca qLinIkArrfthLinkJA1.Pd) then

begin
ff (gDlogRec.SirnRadArrjIndj) then
begin

gLinkArrrtheLinkiA. Pd :a theNewPd;
Hkdewindow(gLinkDiogPtr);
dun :a TRUE;

end
else

result -.w Not.Alert(402, nil);
end
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begin
Hidewindow(tLinkDlogPtr):
dun:= TRUE.

end;
end

else
begin

RNumToString(gLinkArrftheLinkjA.Pd. PdStr);
GetDltem(gLinkDiogPtr. 10. ttemType, itemHandie, ltemnRect);
SetiText~lemHandle, PdStr);
result a- NoteAlert(401. nil);

,and,
end;

2:
begin

HiadeWmdow(gLinkDlogPtr);
dun :- TRUE

end;
end:

end;
end;

{ f.* * * ~NumLinka *OSt*****/

function Numl-inks (indl, ind2: integer): integer;

Ye?
i, j. k: integer;

begin
j := 1;
k := 0;
while gNodeArr(ind1JA.LList~jJ -a nil do

begin
Nf gNodeArrlindl )A LLislIilA End2 a gNodeAvrjind2j then
k :.k.I

end:
j :W 1;
while gNodeArr[ind2JA LListff c> nil do
begin

N1 gNodeAfflind2]A LLittDIA. End2 m gNodeAfrjindl] then
k := k.1

j :-, j*
end;

NumLinks ak

end;

{/............... AssignHooks *SOOS@**/

procedure AssignHooks (IDi. 1D2: integer; var qI, hi, q2, h2: integer);
ver

recti * rect2: Rect;
rise, run: Real;
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linkNum, slope: integer;
begin

ree1 :u gNodeArr(ID1IA.Loc.
rect2 :- gNodeArr[ID2]A.Loc;
rise :, rect2.top - recti.top;
run :w rect2.1eft - recll.1eft;
If abs(run) 3 abs(rise) then
begin

If run : 0 then
begin

ql : 1;
q2 :-2

end
*fee

begin
ql :- 2;
q2:- 1

end
end

else
begin

If rise • 0 then
begin

ql , 4;
q2 :-3

end
else
begin
ql :, 3;
q2 :-4

end
end;

hl - NumLinks(ID1, 102) + 1;
h2 - hl;
If hl > 4 then
ql w 0

end,

{1°°'°" .......... GetHookPt """'''""''"'/}
function HookPt (tRec: Rect; q, h: integer): Point;

war
p: Point;
muit: integer;

begin
It odd(h) then

mull :- -1
*fee

mufl := 1;
aseo q of
1:
begin

p.h := tRect.righl 1;
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p.v := tRdecttop * (mutt (h dlv 2) + *)" 5
end:

2:
begin

p.h :.w lRectloefl;
p.v :- bRect.lop * (mutt " (h dlv 2) * 1) * 5

end;
3:

begin
p.v :- tRect.top;
p.h :w tflectleft * (mutt (h dlv 2) + 1) * 5

end;
4:

begin
p.v :- tfRct.bottom - 1;
p.h :, IRect.left + (mutt (h div 2) + 1) " 5

end;
otherwise

end;
HookPt :- p

end;

(/ ...... .......... GetAPoints "

procedure GetAPoinls (ptl, pt2: Point; var el, e2, sp: Point);
var

rise. run, slope, theta, deltas, deltac, sx, sy, exi, eyl, ex2, ey2: real;
begin

run :w p2h - p1h t.h;
rise := pt2.v . ptl.v;
if run <> 0 then
begin

slope :- se / run;
theta :. -arctan(slope)

end
else If rise <0 then
theta.- P1 /2

theta :- 3 PI 1 2;

ox :- ptl.h * 2 * run i 3;
sp.h :- round(ax);
sy :- pilv + 2 * rise / 3;
sp.v :a round(sy);
deltac :- 3.8 cos(Pl / 4.7 - theta);
deltas :- 3.8 * sin(PI I 4.7 - theta);
if run .- 0 then
begin

oxl :, ax - deftac;
eyl :- sy - deltas;
ex2 sx - deltas;
ey2 :. sy + deftac

end
eleo
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SOt - Ox + deltec;
eyi :a sy + deltas;
ex2 eu x + deltas;
ey2 :-sy - deltac

end;
eli .h round(exl);
al .v round(eyl);
*2.h around(ex2);

*2.v around(ey2).

end,

procedure AddElern (tkind: ElemType; thePoint: Point);
vet

theElement: ElemoniPtr;
theLElement: LinkPtr;
ItheRect: rect;
ph: PicHandle;
1h: Handle;
erwo: boolean,
result, i. j. id, 01. Hi, 02. H2: integer;
pti, pt2: Point;

begin
i f 0;

j := 0;
erro := FALSE;
If tkind In gLinkSot then

begin
If gFirstClick then

begin
gFirstlD := FindElern(thefoint);
It gFirstlD c> 0 then

gFwratClick a False
end

eWoo
begin

01 :0 0;
Id :a FindElem(thePoint);
If ((id -c 0) end (id <ii gFirstiD)) then

begin
gFistClick :. TRUE;
New(1heLEIement);
with theLElernntA do
begin

kind := Iknd;
Alive :a TRUE;
Endi ID :- girltD;,
End2ID :-id;
Endi :m gNodeArrjgFirstlD);
End2 := gNodeArr~id]

end;
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repeast
i:= iO I

until (gNodeArrlgFirstlDjA4.LtisflI] a nil) or (a a MAXJTEMS);
Of i a MAX ITEMS then

erro :a TRUE;
If tkind = SpIx then

StringToRNum(gDiogRec.SirnStrAffjSpd], lhoLEI*MentA.Pd)
else

StringToRNum(gDiogRec.SimStrArrfDpd]. theLEIsmewntA. Pd);
repeat

j:0 j +1
untili (gwodsArrjidjA.LListMl - nlu) or fi a MAXITEMS);
If j ". MAX-ITEMS then
orr0 :a TRUE;

Assigni-ooks(gFirstlD, id. 01, HI, 02, H2)
end;

If 01 a 0 then
erro :a TRUE;

If not erro then
begin
with lheLElementA do

begin
HoolkPt1 HookPt(gNodeArrtgFirstIDlA1.Loc, 01, Hi);
HoolkPt2 :.HookPt(gNodeArr~idjA.loc, 02, H2);
GstAftints(HookPti, HookPt2. Aipti, A2ptl, Apti);
G9tAPoints(HookNt2, HookPtl. Al pt2, A2pt2. Apt2),
Setfcreen;
Uov*To(HookPtl .h, HookPtl .v);
LineTo(HookPt2,h, HookiPt2.);
If kind - Dplx then

gNodeArrlid]A .LList~j] := theL-Eisment;
end;

DrawArrows(theLE Ismsnt);
ResetScreen;
gNodeArr(gFirstIDjA.LListQ := theLElement;
gNumLardcs :-, gNumLinks + 1:
gLinkArrfgNurnLinksj := theLElement

end
end

end
*ele

begin
New(theE lenent);
thsElementA.Loc left a tePoint~h + g0wigin.h - 8;
theEieMentA Loc.tap :.thoPointv + g0rigin.v - 8;
theEiementA,.Loc sight :- 1hoPoint.h + g0rigin.h + 8;
theEiementA.loc.botiorn :- thPoint.v + gorigin.v + 8;
th*ElormentA.Vind :waid
case tkind of

Node:
begin

StringToRNum(gDlogRec.SarnStrArr[Npd]. theElementA. Pd);
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Ih~:= Gotleon(NOO)EICON)
end;

Hub:
begin

SlringToRNum(gDlogRec. SimStrArrEHpdl, theElementA Pd);
Ih := Geticon(HUS ICON)

end;
Bypass:

begin
StringToRN um(gDlogRec. SimStrArrf~pdl, theEiamentA.Pd);
Ih :a Getlcon{BYP ICON)

end
end:
theEioemwnt*.tO :s gNuvnNodes.+ 1;
theElementA.Ahve := TRUE;
for i:= 0to MAX-ITEMS do

th. Element'% LList[il :a nil;
thePoint := theElementA.Loc.topLeftt;
thePoint.h := thePoint.h -g9rigiri.h;
th*Point~v :a thePcintmv g 90igira.v;
If findEiem(ihePoint) <> 0 then

onto :a TRUE;
1thPoint :a 1heElementA.loc.botRight;
thePoint~h ath.Point~h g0rigin.h;
thePointmv thePoint~v g0rigin.v;
If findElem(lhePoint) c> 0 then

erro :a TRUE;
"iPoint.ti :a theEbementA.Locsight - g06gin.h.

thePoint~v := theElemenfA.Loc.top - gOnigin.b';
If FindElenflthePoinl) <:, 0 then

eric :- TRUE;
thePoint.h :w th.Elemen~tA.Loc.Lett - gOrigin.h;
1hsPoinit.v := theElementAloc-Bottomn - g0rigin.v;
If FindElem(thefoint) c> 0 then

errc := TRUE;
If tiePoint~h-c (gPadWindowA~poflRect.Ileft + TOOL-SUZE) then

erro :- TRUE;
If theElementA.Loc.top < (gPa wjndowA.portRect.top) then
eric -.= TRUE;

If (gNumnNodes -c MAXITEMS) and (not erro) then
begin

gNurnNodms :w gNumNades.# 1;
gNodeArrlgNumNodes] :a theElement;
SotScreen;
Plotlcon(theElementA.Loc, III);
ResetScreen

end
also

dkspos(theElement)
end

end-,

~~~ ~~FindLink *.....,
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function findLink (thisNods, thatNode: Elerm~ntfr): LinkPtr.
ver

i: integer,
begin

i:. 1;
findLink :a nil;
while thisNodeA.LListliJ <-., nil do

begin
If this NodeA.LLitlQA. End2 a thatNods then

findLink :a thisNodeA.LListli];
I:= I. +

end
end,

/0 * / * e &0.9.EI i m L n k
procedure ElimLink (theLink: LinkPtr);
v ar

j: integer;
Flag: boolean;
thisLink: LinkPir;

begin
I :0 1;-
Flag := FALSE;
while i -cm gNumLinks do

begin
If ((not Flag) end (gLinkArr~iJ fteLink)) then

begin
thi&Link :a gLinkArr[i];
Flag :a TRUE

end;
If Flag then

gLinkArr~iJ :. gLinkArrji + 1);
1 :0 i. +1

end;
If flag then
Disposo(thel~ink);

gNurnLinks :. gNumLinks. 1
end;

(/ ~~~ DetachLink ~ /
procedure DetachLink (theLink: LinkPlr; theNode: EioementPtr);
ver

1: integer;
flag: boollean;

begin
I := 1;
flag := FALSE;
while theNod*A.LListij <> nil do

begin
If theNod*A.LListl a th.Link then

Flag :a TRUE;
Of flag then
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theNodeA.Ltist[ij :a th*NodOA.LListli + 1);,

end
end;

I I. ~~~EraseL-ink **~~**/

procedure EraseLink (theLit*: LinkPtr; thisNode, thatNode: Elemenifir);
ver

iti: Handle;
begin

Set~creon;
PanPat(white);
DrawArrows(lhstink);
Mov@To(th*Link*.HookPtl .h, theLink A.HookPtl .v);
Lin.To(theLink A Hook~Pt2.h, theLink A.HookPt2.v);

Mih:= Gtlicon(NOOEICON + ord(thisNode Akind) -ord(Node));,
Plotlcon(thiSNodeA.Loc. lii);
lh := Geticon(NODEICON + ord(thatNods.A kind) - ord(Node));
Ploticon(thatNod.A".Loc. ih);
ResetScreen;
PenNormal

end;

procedure CutElem (link: boolean; IDI. iD2: integer),
war

p11, p12; Point;
i, j, k: integer;
anLink: LinkPir;

begin

If link then
begin

anLink :a nil,
anLink :a findLink(gNodeArr[ID 1), gNodeArr[ID2]);
If anLink -nil then

anLink afindLink(gNodoArrfiD2j, gNod&Arr[IDI I);
Hf an~ink nil then

begin
DetachLink(anLink. gNodeArr[ID1 ));
DetachLirik(anLink. gNod.Arr(ID2]);
Eraseelink(anLink, gNodeArqiDl 3, gNodeArr[lD2]);
EllniLink(anLink)

end
and
*ISO

begin
If IDI a.0 then

begin
for i :w I t. gNumNodes do

begin
j :- 0;
11 1 a. IDI then
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fork := 1 to do
CutElem(ALINK, ID1, i)

and;SetScreen;
Eras*Rect(gNodeArr[IDI Ill. Loc);
ReseiScreen;
Dispose(gNod*ArrjlDl1j);
for ilu IDI to gNumNodes + 1 do
begin

gNodeArrfiq :a gNodeArrli + 1);
Of gNodeArrfi] cao nil then
gNodeArrji]A.ID :-

end;
gNumNodes :- gNumNodes.

end
and

end;

fP * * " *9 HandleFileChoice o

procedure HandieFileChoice (theltem: integer);
var

reply: SF Reply; (used in all SF samples)
fptr: AFilePtr;
I: Arch File;
r, ArchRec;
n: ElementPtr;
f: LinkPir;
k: ElemType;
p: Point;
typeList: SFTypeList, typelist for all SF samples)
nl, nnl: longint;
1: integer;

begin
csine (theltem) of

LOAD ITEM:
begin

SFGetFiie(Point(S00400040), 'Space for Rent,. nil, -1. typeList. nil, reply);
(location)
(vestigial string)
ffileFilter)
(numtypes. -1 means all)
(array to types to show)
(digHook)
(record for returned values)

If reply~good then
begin
Resot(f, concat(PathnarneFromWD(reply.vRefNum), foply.fNamo)):
f :0 IA.

(gett);
Close(f);
nn := gNumNodes;
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for i :w nn downto I do
CutElem(NOT-ALINK, i,.0); (destroy old arch)

g0rigin h :w 0;
g~rigin.v :w 0;
SetCtlValue(gH Scroll. 0);
S~tCtIValu9(gVScrolI. 0);

nn :a t.NumNodes:
ni :w r.NumLinks;
gDlogRec :- r.DloqRec;
RestoreSettings(gSimnDlogPtr);,
Restore Settings(gOutM logPtr);

for i *:- 1 to nn doa
begin
p :w r. NodeArrti]. Loc. topLeft;
p.h ap.h + 8;
p.v :-p.v +. 8;,
AddE Iem(r. NodeA rrjii. Kmnd, p);
gNodeArrjil APd :w r.NodeArrjij.Pd;

end;
for!:= 1 tonido
begin

k :w r.LinkArrji]. kind-,
p := gNodeArr[r.LinkArr~i]. Endl1ID] A.Loc.topLeft;

AddEiem(k, p);
p :w gN od.Arrfr. LinkArrfiJ.End2lD] A bc topteft;,
AddElernfk, p);
gLinkArrjiIA. Pd := rilfikArrjijiPd:

end,

UpdateWindow(glPadWindow)
end

oleo
SysBeep( 1)

end;
SAVEITEM:
begin

SFPutFile(Point($00400040). 'Save Topology as:*, 'untitled.arch', nil, reply); (location)
(prompt string)

(original name)
(digHook)

(record for returned values)
If repty.good then

begin
for i :a I to gNumNodes do

begin
r.NodeAffli]. Kind :w gNod*Arr~i]A.KAnd;
r.NodeArr[ilLoc :w gNod*ArrlijA.Loc*,
r.Nod*Arr[iJ.Pd :- gNodeArr~i]A.Pd

end;
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for i :a I to gNumLinks do
begin
r.LinkArvijKind :w gLinkAr,[il '.Kind;
r.LivlkArr[il.Endl ID := gLinkArr[iJA'. End 1 ID;
r.LinkArr[ij.End2ID :u gLinkArrfi]AI.End2ID;
r. LinkArr(i].Pd := gLinkArrjiJl. Pd;

end;
r.NumNodes: gNurnNodes;
r.NumLinks :-gNumtinks;
r.D~ogPsc := gDIogRec;
PA :0 r;
rewrile(f. concst(PathnameFromWD(reply.vRefNum), roply.fName));
put(f);
ciose(f)

end
else

SysBeep(I)
end;

WUIT ITEM:
g13orm: :TRUE,

and
and;

IU p dUa19A terrchh
procedure UpdateArch;
vs r

i: ineer;
begin

Nf gClogRec.SimRadAfr[Typ] then
begin
for i := 1 to gNumNodes do

cas** gNodeArr[i]A Aind of
Nods:

StringToRNumn(gDlogRec.SimStrArr[Npd], gNodeArv~iIA.Pd);
Hub:

StningToRNum(gDlogRec.SimStrArr[HpdJ, gNod*Arr[,IA.Pd);.
Bypass:

St. ...gToRNurn(gDlogRec.SirnStrArr[Bpd]. gNodeArr[ilA Pd)
end;

for i *= I to gNum~inks do
esine g~inkArrjj]A Aind of

DPW:
StringToRNum(gDlogRec. SimStrArr(DpdJ. gLlnkArrjlIA.Pd);

Spix:
StringToRNum(gDlogRec.SimStrArr[Spd], g~inkArnhijA.Pd)

end
end

end;

j ,.**w.**@O*O@@** BypassSel

function BypasaSet (var nset:. NodeSet): NodeSet;
war

I:integer;



03/30191 10:40 Maln.p Pago 27

the Set: NodeSet.
begin
thoete 0:
nsa! :.
for i : I to gNumNodes do

If gNodeArrlijA.kind -Bypass then
theSet :m t#eSet , INod.ArrjilA1.iD]

noot :- nsee + [gNod*Arrli)A.IDI;
BypassSet :0 theSe!

end;

I / . . .Start
function Start (Fritem. Rngltom: DlogItomTyp.): integer;

var
r: real;

begin
with gDlogRec do

begin
it SimRadArr[RnglItemn] then

begin
StringToRNunm(SimStrArr[FrItem], r):
If r a 0 then

Start :M 0
else

Start :., i
end

start :M I
end

end;

Fin
funclion Fin (Friter~i, Rngheom: DlogltemType): integer;
ver

1: Integer.
r: real;

begin
with gDIogRec do

If SimRadArrrRngltemnl then
begin

StringToRNum(SimStrArrisucc(Frltem)1. r);
I := round(r *1000);
StringT*RNum(SimStrArrjFrltom), r);
i :a i- round(r 01000);
StringToRN um(SimStrArr(succ(succ(FrItem)fl. r);
If r cý. 0 then

I := I div (roufld(i' 1000))
else

i :W 0
end
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i : 1;
Fin :-

end
end;

I/ ... . ... StepSize ...............

function StepSize (FrItem, Rngllom. Pditem: Dloghe~mTyp.)ý real;
wa r

r: real;
begin
with gDfogRec do
begin

It SnimRadArrfRnglItem) then
StringToR~um(SimStr Arrjsucc(succ(F rite m))]. r)

else
StringToRN um(SimStrArr[PdlItem), r);

StepSize :. r
end

end;

WriteHeader ......... ....
Procedure Wrntel-eader (f: T~iePtr);
begin

with gDiogRec do
begin

rewrite(IA, concat(PattlnamoFromDlrlD(gCurolrStoreA, .(gSFSav.DlskA)), OutF;ieStr)):
writoin JfA. *'),
wrvtw(P. WUd')
It SimRadArrfHrj then

write~fA, chr(9). *HPd');
If SarnRadArrjBrj then

write(fA. chr(9), 'BPd');
It SimRadArrtSrj then

write(f A, chr(9). 'SPcP);
If SimRadArr(Drl then

write(fA. chr(9). W~C);
It OutChkArffPaegJ then

wrute(tA, chr(9), T~seg');
If OutChkArr[AvsI] then

write((A, chr(0), *Avsf');
If OutChkArrtEcpJ then

write(f A, chr(9). 'Ecp');
If OutCh~k"rErns!] then

Wrile(fA, chr(9). 'EmsP');
writelri(tA)

end
end;

Adjust~log!Roc
procedure AdjustDlogRec (Np. Hp. Sp, Sp, Dp: real);
begin
with g~logRec do
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begin
RNurnToSiring(Np. SimStrArrlNpdl)).
RNumToString(Hp, SimStrArrlHpdl);
RNumToStrinq(Bp, SimStrArr[Bpcil);
RlNumToString(Sp, SimStrArrjSpdfl;
RNumToStriflg(Dp, SimStrArr[Dpd]);

end
end;

I/ * * * 6 * * * * HandleAnaiChoice s

procedure HaridleAnalChoice (the Item: inisger);
ver

1: text;
n, h. b. s. C, 1, max, j, k, ihem: integer;
ditem: OlogltemType;
i, Norm: longint:
he~mType: integer;
Itemi-andle: Handle,
theRoct, itemRect: fect;
dun, Turbo: Boolean;
myStringl. myString2: Str255;
Ns. Hs, Bs, Si, Ds. Pig: real;

boot"

dun :w FALSE;
case theltem of

SIM-ITEM:
begin

BringToFronI(gSimDIogPtr);
NumToString(gNumNodei + gNumLinks, myStringl);
G*IDII~m(gSimDlogPtr, 24, ItemType, ItemHandle, ItamRoct);
SetlText(itomHandle, myStringl);
ShowWindow(gSimDloqPtr);
while not dun do

begin
ModalDialog(niI. Item);
case hem of
1:

begin
Hid.Window(gSimologPtr);
SavoSett~ngs(gSimDIogPtf);
UpdateArch;
dun :. TRUE

end;
2:

begin
Hid*Window(gSimDIogPtr);
Re~tor*Settings(gSimDlogPtr);
dun :& TRUE

end;
25:

beg in
GetDltom(gSimDIoQPtT, Item, ItemType, itemn~andle, itemRect);
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If GetCilValue(ControiHandie(itemHandl.)) <> I then
begin
SetCtIValue(Controll-land 9(iteml-and le), 1);
GetDItem(gSimDlogPtr. Item + 1, ittmType, itemHandle, ilemRect),
SetCtiVsiue(ControiHandl.QftomHandie), 0),l

end
end:

26:
begin

GetDltem(gSimDlogPtr. Item, itemType, lteml-andie, ilemRect);
It GetCtIValuo(ControiHandle(ifemHandle)) <> I then

begin
$etCtiVaiue(ControiHandie(itemHandie). 1);
GetD Item (qSimDlogPlr, Item -1, itemType, iteml-lndie, ilemRect);
SetCtIValue(ControlHandle(itemHandi.), 0):

end
end;

48..49:
begin

GetDIlem(g SimD log Ptr, Item. itemlype. itemH-lndie. itemnRect);
If GetCtIValue(ControiHandle~itemHandie)) <> 1 then

begin
SetCtlValue(ControlHandle(itemHandle), 1);
GetDhe~m(gSimDlogPtr. Item + (+l1 (Item mod 48) '2), ftemType. ttemHsndie, ttemFect);
SetCtlValue(ControiHandie(itemHandle), 0)

end
end;

50.54:
beg in

GetDltem(g SimDlogPlr. Item, itemType. itemHandle. iiemRecl);,
If GetC~lValue(ControlHandie(itemHandie)) -c 1 then

begin
SetCtIValue(ControlHandie(iteml~andle). 1);
G3etDhem(qSimfllogPlr, Ihem + 5, itemType, iteml-andle, itemRedt):
SetCtIValue(Controll~andie(itemHandl.). 0)

end
end;

55..59:
begin

GetDitem(gSimDlogPtr, Item, ItemType, ItemnHandle, Item~led):
If GetCtlValue(ControlHandie(itemHandl.)) -o I then

begin
S*tClIVaiue(ControlHandie(itemHandle). 1);
GetDftem(gSimDIogPtr, Item -5. ItemType. ItemHandle, itemRect).
SetCiIValue(Controlllandle(itemHandle). 0)

end
end;

otherwise
end

end
end;
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OUTJTEf-M:
begin

BringToFront(gOutDlogPtr);
ShowWindow(g~ut~iogPtr);
while not dun do

begin
Modai~ialog(nhil hem);
case hem of

1:
begin

HideWindow(q~utOIogPtr);
SaveSetfings(gOutDlogPtr);
dun :a TRUE

and;
2:

begin
Hid*Window(g~utDlogPlr);
RostoreSettings(gOutDlogPtr);
dun :a TRUE

end;

begin
GetOIi~m(g~utDiogPlr, Item, ,itmType. iteml-Hand Is, itemRect).
SetCtlVaiu.(ControiHandle(itemHandie.) Bitxor(Get~tiValu.(ControlHandi.(itemHandle)). 1));

end;
ot herwisee

and
end

end;
AUNJITEM:

begin
with gDIogRec do

begin
SetCursor(GetCursor(watchCursor)AAI);
gBypSot := BypassSet(gNod*Sot);
StringToNum(SimStrArr(Mst), gNumStates):
Turbo :a not (OutChkArrf Pseg] or OulChkArr[Avul] or OuiChkArqjEcp] or OutChkArr[Emsi]);

end;
III Turbo than

begin
gSegeournt :0 0;
randSeed := TickCount;
TurboLoop;
Psg w- gSegCourit / gNumStates;
Setilect(theRect, 35. 3. 123. 20);
Eras.Rect(theRect);
FrameRectithoRect);
MovoTa(37, 15);
RNumToString(Pog. myStringl);
DrawString(concat(Psega- rnyString I));
ShowCursor

end
*lse
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begin
WriteHoader(@bf),
Ns :a SiepSiez(Ntr. Nr, Npd),
Ha :a St~p~ize(Hfr, Hr. Hpd):
Bs :. St~pSiz*(Bfr, Br. Bpd).,
St :w St~pSize(Sfr. Sr. Spd);
Ds :a SlepSizo(Dfr. Dr. Dpd),
for n :a Start(Nfr. Nr) to Fin(Nlr, Nr) do
for h :a Start(Hir, Hr) to Fin(Hfr, Hr) do0
to r b := Start(Bir, Br) to Fin(Bfr. Br) d o
for a :, Start(Sfr. Sr) to Fin(Sfr. Sr) do
for d :a Start(Dfr, Or) to Fin(Dfr, Or) do

begin
AdjustDlogRec(n 'Ns. h *Hs, b Ba, s Ss, d DO;)
UpdateArch;,
gSogCount 0;
gAvsl :a 0;
gEcp :0 0,
gErnsl :a 0,
gTotalSegs -0;

max :w 0,
randS*" := TickCount;
for i:- 1 to gNumnNodes do

begin
gSegLnthArrjij 0;
gMaxSegArr[iJ : 0

end; (for i lo gNumNodes)
for j := 1 to gNumStates do

begin

GotMonteState;
Analyze;

If gNumSes >. I then
gSegCount := gSegCount + 1;

"maX 0;
for j: I to gNumSogs do

begin
I :- S.ISize(gSegArr~j]);
gSegLnthArrjlj :- gSegLnthArfijl* 1;
If 1 3, max then

max := I
end; (for j

gTotalSegs :& gTotalSegs + gNumSegs;
SMaxSegAnfrnax) := gMaxSegArrfmaxl + 1

end; ffor I to gNumStates)

Peg :a gSegCount / gNumStates:
for i :a I to gNumNodes do

begin
gAval :w gAvsl + I *gSegLnthAffji];
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gEcp :- gEcp * Binomiaf(i) *gS~gLnthArrfij.
gEmsl :a gEmsl * i * MaxSeqArrjij

end: (for)

Norm :. (gToiatSegs 'SetS~ze(gNodeS.1)),
If Norm <3 0 then

gAvsl :w gAvsl / Norm
of&*

gAvsl := 0;
Norm :a (VTotalSegs *Binominal(SotSiz*(qNodoSot)));
Nf Norm o. 0 then

gEcp .- gEcp / Norm
oleo

gEcp :a 0;
Norm :. (gNumStates ' SotSize(gNod*S*tfl.
If Norm c,0 then

gEmsl :- Emsl / Norm
oleo

gEmns! 0;

with g~logRec do
begin
write(f, n * Ns);
If SimRadArr(Hr] then
write(f. chr(9), (h *Hs) 6 3);

If SimRadArrfBr] then
write(f, chr(g), (b *Bs) 6 3);

If SimRadArr[Srj then
write(f. chr(9). (s *Sa) 6 3);

If SimRadArrtDrI then
wrile(f, chr(g), (d *Ds) 6 3);

If OutChkArrjPseg] then
write(f, chr(9), (Psg) :6 :3);

If OutChkArr(AvaI) then
write(f. chr(9). (gAys!) :6 3);

It OutChkArrjEcp) then
write(f, chr(g), (gEcp) 6 3);

If OutChkArrfEmsl] then
writo(f. chr(9), (gEms!) 6 :3);

wriloln(f)
end; (with)

SetRect(theRect, 35, 3. 123, 20);
Erasolloct(thefec%)
FrameRect(theRect);
Mov*T*(37, 15);
RNumToString(Psg. rnyString 1);
DrawSiring(concat(CP&egw', myStringi ));
ShowCursor;

end; frmufti for loop)
closo(f)

end; (else)
SetCursor(arrow)
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end (RUN)
end (case)

end. (procedure)

0 c * 0* 0o 0 0 a 0 . 5*.'* ' ' * S HartdleManuChoice SSCS5 5)

procedure HandleMenuChoic. (rmnuChoicr: lorigint);
war

i, nn, theMenu, theltem: integer;
begin

It (mfwnuChoice <2 0) then
begin

fthebnu := HiWord(mesnuChoice);
theltemn :w LoWordl(menuChoice);
case (theMenu) of
APPLENCNU 0:

HandieAppleaChoice(theltem);
FILERj.ENIUDJ:

HandleFileChoice(th.Itsm):
EDrTJ.ENUJID:
begin

case thallem @f
CLE-ARITEM:

begin
nn :w gNumNodes;
for i:- nn downtc, I do

CutEiem(NOT -ALINK, i. 0); Idestroy old arch)
gOrigin.h :-0;
g0rigin~v :u0;

SetCtIValuo(gHScroll, 0);
SelC~lValue(gVScroll, 0),

end;
end

end;
ANALMENUJOD

fHandleAnaiChoie(theltem);
end;
HiliteMenul(0)

end

end;

1I 0 0 0 0* * 0 Scroll '4 5 0CCC55I

procedure Scroll;
var

okwOrigin: Point;
dh. dv: integer;
slect: Roe;

begin
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old~rigin :a g0rigin;
gOrigin h -. 1 GetC1lVelue(gHScrofl);
90tigin.v :a I1 GetCtlValue(qVScroll);
dh :am old~rigin.h g0rigin.h;
dv :& old~rigin.v p Oringin v.
gUpdaIe:Wn :ft Me An;
tRoct :a qPadWindowA.poflRect;
IRect.right :, tRect~right - SBarWidth;
tReCt.bo~tOm :a bI0ect-bonOM - SBarWidth;
tR&ctle~ft :& ItRect-left + TCOoL.SIZE + 2;
ScroffRect(tRecz, dh. dv. gUpdateRg~n),

(va Have scrolled injunk ... need to redraw /

SetOrigin(g0rigin.h. g0rigin~v);
OffsetRect(gUpdut.RtnAA.rgnBBox, g0tigin.h. gOrigin.v);
ClipRect(gUpdatsR~gnAA.rgnBBoxc);
DrawCont;
D~sposRgn(gU~pateRqn)-.
Set~rigin(O. 0).
ClipRect(screenSfts.bounds)

end;

's****-0* crollbarproc I

prooedure ScrotiProc (theControl: Controll-andle; theCode: integer);
war
p"gSize: integer;
scrollAmt: integer;

begin
If (theCode co 0) then

begin
It (fteControt m 9VScroll) then

pageSize := (gl~adWindowA.portRect.bottom -gPadWindoWA.ponRePct.top) dlv 4
else

pageSize :m (gPadWindow&.ponRect.right - 91adWindowA.pon~ect. left) dlv 4;

asee (theCods) of
inUp~utton:
scrollAri :m -3;

inDownBution:
scrollAmt := 3;

inP&9eUp.
scroilAmt :a-pageSizo;

inPageDown:
ecrollArn: := pageSize

SetCtiyalue(theControl. GetCtIValue(theControl) s crollAmt);
Scroll

end
end;
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(/ 0 * 0 0 * * HandleControl * I , 0 I)
procedure HandleControl (cntrl: ControlHandle; parn: integer; pnt: Point);

begin

if((cntri g VScroli) or (cntrl & gHScroil)) then
"I (part a inThumb) then
begin

part := TracitControl(critri. pnt. nit);
Scroll

end
else

parn :a TrackControl(cntri, pnt, @ScrollProc)
end;

1/ 0 * *0 HandleScreen 000 0I

procedure HandleScrsen (w: WindowPtr; p: Point);
vs r
thePoint: Point;
"thRect: Rect;
thePart, -ElemlDl, ElemlD2: integer;
"thControl: ControlHandle;
savePort: Gre fPtr;
"thElernent: ElementPtr;

begin
GetPort(sav*Porl);
SetPort(w);
thePoint := p;
GlobalToLocal(thePoint);
VOePaf := FindControl(thePoint. w. fteControl);
EletnlDl :w 0.
ElemID2 :. 0:
"thRect :a gPadindow4ponRI~ct;
1heReatright :. theRsct left + TOOLSIZE;

"i (*#*Panl -0) then
begin
"I (PtlnRect(thePoint, gTMaplCutNodel)) then
begin

HsiiTooI(CutNode)
end

eIse "f (PtInRect(thePoint. gTMap[CutLInkJ)) then
begin

Hiliffool(Cut~lnk)
end

else "f (PtinRect(thePoint. qTMapfAddDplx])) then
begin
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HWITooI(AddDplx)
end

else "f (PtlnRect(th.Poifll. gTMap(AddSplxfl) then
begin
Hilffool(AddSpIx)

end
else If (PtlnRect(thePOiflt. gTMap[AddByp))) then
begis

Hififfoo4AddByp)
end

else II (PtIn~tect(thePoint, gTMap[AddHubl)) then
begin

IHilffool(AddHub)
end

oleo"i (PtlnRect(thePoint. gTMap(AddNodej)) then
begin

HiliTooI(AddNods)
end

oleo If PtlnRect(th~ofint, theRect) then
begin

IHiiffool(NullCorn):
gFiusiClick := True;,
g9RMID .- 0

end

begin
gWhenFirstClick ,m 0;
case gMode of

Nu*Com:
begin
ElemIl :-. FindEiem(thefoint);
IN ElemlDl <:, 0 than

PopEIernDLOG(EbmlnD1)
else

begin
EIhmlD1 :a Get~inkNum(thePoint):
"i EiefnlD1 <3 0 then

PcpjnkDLOG(EismID1)
end

end;
Md*!W*e:
begin

AddlElm(Node, tttePoint),
N gTStalo <2 locked thent

Hiliffool(AddNodo):
end;

beg in
AddElem(Hub. thePoint):
If gTState 4c- locked then

HiliTool(Addl~ub);
end;

A~.yp
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begin
AddElem(BypaSS. thePoint);
If gTStale -c locked then

HiliTool(AddByp);
end;

AddSpix:
begin
AddElem(Spix, thePoint);
If ((gTState <> locked) and gFirstClick) then

HiliTooI(AddSpix);
end;

AddDplx:
begin

AddElem(Dpix, thePoint);
If ((gTState c> locked) end gFirstClick) then

HiliTool(AddDplx);
and;

CutNode:
begin

ElemID1 := FindElem(theotint);
If ElemlDl c:, 0 then

CutElern(NOT_ALINK. ElemlDl, ElemlD2);
If gTState c> locked then

HiliTool(CutNode)
end;

CutLink:
begin
If gFirstClick then
begin

gFirstlO :a FindElem(thefoint);
If gFirstlD c> 0 then
gFirstClick :a FALSE

end
e1ke

begin
ElernID2 := FindElem(thePoint);
If ElemID2 a. 0 then

begin
If ElernID2 -gFirmtlD then

begin
*FirstlD :-0;
gFimitClick := True

end
*ISO

begin
CutElem(ALINK, gFIrstlD. ElemID2);
gFirstClick :a True

end
end;

end;
"I ((gTState c- locked) and gFirstClick) then
HiiiTool(Cut~ifk);

end
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end Icas.)
enid

end
else

14.ndl*Control(theCofltrl', thePafl, thePoint);

S~tPort(sav*Port)

end;

(I 0 00 4 4 * 0 0 4 4 40 0 0HandleMouseDown 040I

p o-dure MandleMoutoDown;
ver

vhichWindow: WindowPtr;
th.Part: Integer;
meniuChoice, windSise: longint,
therPoint: Point;

begIn
thoPart := FindWindow(gTheEvent.whe To, whichWindow);
came (ttwPafl) of

kd~esk:
SysBeep( 1);

bhieanuBar:
beg In

nwnuChoice :a MsnuS.Iect(gTh.Event.where);
HandilwlenuChoice(rnsnuChoice)

end;

InSysWindow:
SystsmClick(gTheEvent, which Window);

kd~ag:
DragWindow(whichWindow. gTheEvent.whae,. gDragRect);

kiGoAway:
It (TrackGoAway(wttichWindow, gTh*Ev~nt.whwr@)) then

IlDona := TRUE;

inGrow
Grow(whichWindow, gTheEvent.where);

kIConisnt:
N whichWindow c~i Ironiwindow than

SeIectWindow(whichW~ dow)
also

HandlsScreen(whichWifldow, gTh.Event~where)
end

end;
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it ........ .* HandlI Acltiv***** ..... /
procedure HandleActivate (w: WindowPtr; goingActive: Boolean);
begin

ff w a gPadWindow then
begin
SetPort(w);
OrswGrowlcon(w);

end;
"f goingActive thon
begin

ShowControt(gHScroiI);
ShowControl(gVScroII)

end
*Is*

begin
NadleControl(gH-ScrolI);
HideControl(gVScroII)

end
end;

(/ ** 0* * ** 0H an d lea E veft~ n ... I

procedure HandleEvent;
var

&Point: Point;
err: integer,

begin

cooe (gThoEvent.what) of

nullEvent:

rHandleNull ;

rnouaeDown:
begin
Handlel"usDown

end;
aiutoKoy:

kayDwn:
begin

gTheEvent Massage :BitAnd(gThoEvent.Massage. charCodoMask);
If BitAnd(gTheEventModifiers, CmdKey) a CrndKey then

begin
HandlaManuCholce(MaenuKey(Cfir(gThaEvafltMessage)))

end
end;

Wfdte*Evt
If (WindowPtr(gTheEvent.manesaga) a gPadWindow) then

UpdaleWinjdow(gPadWindow)
else

begin
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BeginUpdate(WindowPtrWgThOEvefnt.Message)):
End Update(Wildowftr(gThOE vent. Message))

end;

activateEvt:
begin

HandieActivftte(SPadWildow, BAN D(gTh.Evelt. Modifiers, activeFlag) *1)

end,
4iskEvt:
begin

Hf HiWrd(gTheEvent.fmessag9) <:, noErr then

SeV~tjiaont. ILLIEFT. OL-TOP);
art -.m DlBadMount(afoint, gTheEvenl Message)

end
end;

&WpEvt:
begin

case BAND(BROTL(gTheEvent.message, 8), SFF) of
SUSPRES.JLISS:
begin

ginBackground := BAND(gTheEvent.MessagO. HES AMASK) -0;

HandleActivate(gPadWifldow, not ginBackground)
end;

otherwise
end

end;
otherwise

end
end;

(;**@@*O** GetGlobMowso

procedure GetGiobMowse (var pt: point);
vs r

event: EventRecord;
begin

(if OSEventAvsil(O. event) then)
Ipt := event~where)
(else)
(1pt :a event.wtiere)

G~tmouse(pt);
LocAffoGioba(pt)

and;

procedure MdjustCurs (pt: point; vs. crgn: RgnHandie);
ye r
window: WindowPtr;
srrowRgn, activoRgn: RgnHandle;
pRect Rect;
CurstO: Integr;

begin
window := FrontWindow;
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If (not gInBackground) and (not IsDAWindow(window)) then
begin
arrowRgn :-NewRqn:
activelRgn :-NewRgn;
SetRect~ign(arroRgn. MAXNEG, MAXNEG. MAXPOS, MAX_P0%);
"t ((IgMode co NullCom)) then

begin
If IsApp~indow(window) then
begin
SetPofl(window);
SetOrigin(.windowA*.pontiits.bounds. left. .windowA.portBits~bound6,top);-
pReci :a windowA.poflRoct;
pRectleft :-~ pRect.Ieft + TOOL_.SIZE;
pRect~right :- pReCtright - SBarWidth;
pRect~bottom :a pRect-bottom - SBarW~dth;
Rect~ign(ectiveRgn, pRect);
SectRgn(activeRgn. windowAlvisRgn. activeRgn);
case gMode of

AddNode .AddByp:
CursID .a ELEM-CURS;

CMtOde:
CursID:- CUT _NODE CURS:

AddSpix:
CursiD :a ADD_SLNKCURS;

Add~pix:
CursilD :a ADD L01NKCURS:

CutLink:
CurulD :- CUTJUNK,_CURS;

ot he rwise
end;
SotOrigin(O. 0)

end
end;

Diffflgn(arrowRgn, &ctiveRgn, arrowRgn),
If PtinRgn(pt. activ*Rgn) then

begin
S.tCursor(GetCursor(CursID)AAl);
CopyRgn(ecfiveRgn, crgn)

end
*IOe

begin
SetCursor(arrow);
CopyRgn(affowRgn, crgn)

end;.
DispseRgn(arrowRgn);
Dhipos*Rgn(activeRgn)

end
end;

(I/ 0 * 0 * 0 #0**0 0e*0 MainLoop 0 0 0*00 0*I

procedure MainLoop;
we,
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gotEvent: boolean;
cursRqn: RqnHandle-,
snows.: point;

begin
snmws.h :00
aowsa.v := 0;
aarsRgn -a Now~gn;
FiUwhEvemls(oweyEvontt 0):
SWNElnVImnwted := (NGe1TrapAddr*uWVNETRAP..NUM. ToorTrap) <2,

NG~tTrapAddress(UNIMPLTRAP..NUM, Toolfrap)),
utf Won* a FALSE) do
begin

Nf (qgWNElrmpbmnfltd) then
begin

GetGlobMowse(mows.)-,
AdjustCuru~nowse. cut.Rqn);

gotEvent :a WailNextEvent(.veryEvent, gTheEvent. MAXLONGINT, cur*Rgn)
and

ese *
begin

SystemTask;,
gotEvent :a GetN~xtEv~iit(*veryEvent. gTheEvent)

end;
If gotEvent then
begin

AdjustCums(gTh*Evontlwher9. cursRgn);
HandleEvent

end
end

end;

I I . ~MisclInit
prooedure Miscinit,
var

k: itege;
begin

g~one :a FALSE:
gWhonFirstClick :a 0;
Sktflackground := FALSE;
gWoce := Nulioni;
for I :0to MAX_ITEMS do
begin

gNodeArrijQ :. nil.
gLinkArril :,a nil;
qNiIrnkArr~i] :in all

end;
jgTtav :a off;
9Fu'stClick :- TRUE;
gF~sliD :a0;
glkun~dodme :w0
ONumnk~s := 0;
seteursor(arrow);
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gUnkSGI :a [Spix. OPIx].
gLCOMSet :a (Add[pOc. AddSplx. CutLink];
randSeed :a T"cCount;
gSogCount :a 0;
I :a Sy&Environs(1. gWorld);
gSFSav*Disk :a PtrToWord(kSFSav9Disk)-;
gCurdirStore :w PtrTotong(kCur~irStors)

and;

procedure Dialoginit;
war

1: Dboglt~mType:.
itemTyp.: integer;
ht~mR~ct: Tact;
ManIiandle: Handle;

begin
with g9logRee do
begi

gSimnDlogPtr . GetN~wOialog(SIM DLOG. nil, POINTER(MOVETCFRONT));
gOut~ogPtr : GtlN~wDialog(OUTOLOG, nil. POINTER(MOVE TO..FRONT)),-

IE~vmDlogPtr :- GetNlewlOalog(ELiEMDLOG, nil, POINTER(MOV-E...O,.RONT)):
g~r*DiogPtru Ga iNew~ialog(LINKDLOG, nil, POINTER(MOVEj1'O.,RONT));
for i :a Npd to Emsl do

case i of
Mon:

SimRadArrf I : TRUE;
ExhI:

SimRadArr[iJ : FALSE;
Nc..Dc:

SimRadArT[iJ : TRUE;
Nr. .Dr

SirnRadAnfijQ: FALSE;
Ind:
SimRadArfij :a FALSE;

Typ:
SimRadA"rIj :- TRUE;

Npd..Bpd:
RNumloString(DEFNODE..PD. SirnStrArrii));

$pd. Opd:
RNumToSIting(DEF...LINK_.PO. SimStrAnrfi));

?tr. .Dst:
csea ((ord(i) -ord(Npd)) mod 3) of

0:
IRNumToStrinq(DEFTO!D. SirnStrAff il)j;

1:
RNumToStrnng(DEFSTP_.SZ, SimStrAnjiij);

2:
RNumToString(DEFFRM..PD, SimStrA41~)

end;
Mgt:

NumToString(DEF_..STATES. SimStrArtiD);
Tst:
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NumToString((gNumLiflks *gNumNodes), SirnStrArt(.J):
Poog. EmsJl:
if i . Pseg then

OutChkAffjil :a TRUE
*I**

OutChkArrji] :w FALSE;
otherwise

end;
OutFileSti *a 4untitled V ;

end;
R"etor*Ssttlngs(gSimDiogPtr);
RestoroSottings(g~utDlogPtr);
GetDltem(gSimflOgPtr, 49, lttmTyp., it~mHandl*. ItomRoct);
HilIteControi(Contm34Handle(itemtHandl.), 255);

end;

110***a0Windowlnit U I

Procedure Windowirtit;
wet

padRect, vScrollRect, hScrollRevt. viewRw:t Redt;
eRgn. RgnHandle;

begin
gOrigin.h :0 0;
gOriginmv :W 0;
gPadWindow :- GetNow andow(8ASERESjOD, nil, POINTER(MOVETOJROHT));,
SotPort(gPadWindow);
vScr*IIRect := gPadWindowA.portRect;
vScrotlRect.Isft avScrollR~ct. right -15;
vScrollRect.right :=vScrolIR*ci. right + 1;
vScrollRect bottomn := vScrollRect.bottom -14;
vScrollRocu~op :a vScroHlRect.top - 1;
9VScroli :a NewControl(qPsdWindow, vScroflRoct, W', TRUE, 0. 0, PA1DLIMIT. seroilBarProc. 0);
hScrallRect := gPadWindowAI~portReet;
hScroiIRect.right m= hScrollRoct. right -14;
h~croflloct left :m hScrollRect.Ileft -1;
tiScrollRectbottom := hScrollRect.bottarm + 1;
hScrollRoctuop := hScrollRect.botlom - 16;
qHScrol :a NowControl(qPadffindow. hScroltRsect 'NO', TRUE. 0, 0, PADJIMIT. scrollarProc, 0);
gDragSeci := screon~its.bounds;
gDragR~ctL~fi :- g~ragRect left + DRAGJTHRESHOLD;
gDragR~ctnght m g0ragRectnrghl - DRAGjHRIESHOLD;
qDragRect.bottom q DragRect.bottom -DRAGLTHRESHOLD;

end;

f/ a * U Menuflarinitl00 0

procedure Menuf~arinft;
war.

mvyMonuBar Handle;
begin
myMonular :m G~tN~wMBar(BASEM.RSjD);,
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Selmsnu~ar(myMenuBar);
9ApeMW~nu :- Gett**andleAPPLE-kC NUJLD).
AdfRoss~nu(gAppwemefu, )Rv~r);
OrawMenuBar

end;

begin
Miscinit;
Windowinit:
Menu~arinit.
Dialog mit;
#AnLoop

and.
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unit Engine;

Interface

use*
ConsVars;

war
~Sgrr: arreylO. .MAXJITEMS] of NodeSei,

procedure GelMonteState;
procedure Analyze;
procedure TurboAnalyze;,
function SetSize (filet: NodeSet): integer;
pmecedur. TurboLoop;

Immplementation

procedure TurboLoop,
var

i: longint;
begin

for i := 1 to gNurnSlaies do
begin

GetMonieState;
TurboAnalyze;

end;
end;

fuanct ion SetSize (nset: Nodoe~t): integer;
war

k, j: integer;
begin
j =- 0;
for I:a 1 to gNumNodes do

Nf ((i In fleet) and (i In gNodeSet)) then
j :0j + 1;

SetSize :0
end;

proseduve GetMonteStale;
war

mnd: real;
1: Integer;

begin
Oew I * 1 to gNumNodes do

beg in
rW:= random;

,nd :a as(md);
md *a rmd 1 32767.001;
IN md <gNodeArrfi]A.Pd then

gNod*ArrjijA.Afiv* :a FALSE



04101191 21:11A UultlEngine.u Pogo 2

else
gNodeArvli '.Ai~ve :- TRUE

end;
for i :.- 1 to gNumLinks do
begin

md := Abs(Rafldorn) / 32767.001;
Of md -c Ipk*ljjA.Pd tha

gLinkArrjiJA.Ahiv9 :a, FALSE
*ele
gLi,*ArfijA.A~iv :- TRUE

end
end;
procedure Analyze;
var

ParentSet. Doeset, SegSet: NodeSet;
ind, SegNum: infsgr;
ParentArr: SetArrayType;
flag: boatman;

procedure inspeclseg (ver pset, lost'. NodeSet; thisNode: Elernentftr),
war

i: inleger;,
loopset: NodeSel.
NextNode: ElefrentPtr;

begin
ParentArrjthi*NodoA.IDj := past:
poet :a poet + IthisNodeA.IDI;
loet :a Mael + ItisNode.ID];

a : 1;
while (tt*Node*.LListpi] <:, nil) do

begin
If (thisNOd.*.U.jStjji]AlAive) then
beg in

If thisNode - hisNodea,.LLstisp].endl then
NextNode :.thisNod*eA.LListjiIA1.snd2

*Is*
NextNode :- hisNadeA.LLlisti]A~ondl;

If NextNodeA.Ai~ve then
begin
If tdextNodeA.ID In poel then

loet :m bet.+ (poet - Parent"riNextNodeA.tD]1)
Wele
begin
If ((thisNodleA.LLjstiiJA Aind u Spix)) then

begin
Ic~o~set
Inspectoeg(pet oolkpeet, NextNode);
It bet - loopset -0then

begin
Of (((loopoet - g~ypSet) -c f) and ((loqpet *Don*Set) 0 )) then

begin
gNumSes := gNunSegs * 1;

qSeg9"jNumSegs] :- loopst
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end;
peel :0 P801 - loop..?;
DOneSet :w DoneSet + foopsee

end
else

lest :- loot + loopset
end

else
beg in

lmpectseg(peat, heel. NextNaod)
end

end
end

end;
I:.i

end
end;

begin
Donese :a [J;
hd :0 1;
gNutnSegs :a 0;
for rnd -m I to gNumf4odes do

begin
If (9N odsArrfind)A'.Alive and not (gNodeAnfindjA.ID) In DoneSel) end (gjNoeAnfjindlA.kind <3 Bypass))
then Isubstitute doneset for segeet)
begin

ParentSet :- 01;
SegSet :0 fi;
SegNum := gNurnSegs + 1;
gNumSegs :a SegNum;
InspecS~g(ParentSet, SegSet. gNod.Arrtind]);
qSegAirqSegNum] :- SeqSet;
DoneSet ý-DoneSet + SegSet

end
end

end.

procedure TurboAnalyze:
label

I1;
Ve,
Parenftet SegSet NodeSet;
Wd: integer;
ParentArr: SetArrsyType;
flag: boolean;

procedure Tinspectaeg (vor poeet, loet: NaodSet; thasNode: ElementPiw);
VeT

1: Integer;
ioopeet: NodeSet;
NextNode: ElemnwlPt;.

begin
ParentArrithisNode*.lD) :,a poeet;
poet :a pset + IthisNodeA.IDI1;
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bet :-a +e IthisNode4,l13;

while (thisNodea.LLiStfij c> nil) do
begin

It (ihisN oW5.LListlij -. Alive) then
begin

If thisNode -thisNodeA.LListli)A. ondi then
NextNode : thhsNodeA1.LListjjqA.Snd2

else,
NextNodo :-hlsNodeA.L~ist[i]A.endl:

If NextNodeA.Alive then
begin

Kf NextNode".ID In peet then
bset :- uset + (pest - Paront~rrNextNodoe.lDJ)

*ISO
begin

It ((thisNode". LList[ilA,.kind m Spix)) te.n
begin

foopset :- 0;
Tinhpectseg(pset, loopset, NextNode);
If lbet *ioopseth a [hn
begin

If (loopset - gBypSet) <> 1 then
begin
got. I

end;
pset :0 Pest - loopeat

and
else

lest :0 last + loopset
end

else
begin

Tinspectseg(pset. last, NextNode);,
end

end
end

and;
i :a i + I

end
end;

begin
SegSMt: l
tomg := FALSE;
for ind :& I to gNumNodes do
begin

IN ((gNod*Arr~indJA Alive) and not (gNod*Arrfind]A.ID In SegSet) and (gNodeArrtlndA lind <>
Bypass)) then

beg in
If Flag then
got. 1;

ParentSet :w DJ;
TinspectSeg(ParentSet, SegSet, gNodeArrlindl);
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Flao :a True;
end

end;
Exit(TurboAfallyzO);

I1;
g~ogCoufl :a gSogCount + I

end;

end.


